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1948 — Early “point 
contact” transistor 


1950 — Early 


“junction” transistor. 


/ 


Experimental 


“diffused base” 


Phototransistor; 
provides electric 
“eye” for direct 
distance dialing 


“Alloy junction”; used 
in first completely 
transistorized carrier 
telephone system 


“Grown junction” 
used to amplify 
received speech in 
special telephones 


transistor 


“Grown junction 


tetrode type; high 
frequency amplifier 


In 19458 Bell scientists announced 
their mvention of the transistor—a 
tiny device able to amplify signals 
a hundred thousand times using a 
small fraction of the power of an 


electron tube 


From this ongmal “pomt contact” 
transistor has grown a distinguished 
family of immense usefulness to 


electronics. Some of its leading 


“Alloy junction”; 
low frequency 
power amplifier 


mibe TS ATC shown here, in approxi- 
mate actual size, with their scientific 


type names 


Kor telephony the transistor has 
opened the way for notable advances 
in instruments, transmission and 
switching. Elsewhere it has opened 


the wav to advances in hearing aids, 


BELL TELEPHONE LABORATORIES f % 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 


“Diffused base”; 
high frequency 
broadband amplifier 


television, computers, portable radios 


and numerous military applications 


Bell's transistor family is typical of 
the Bell Laboratories research that 
helps keep your telephone service the 
world’s best—and at the same time 
contributes importantly to other 


fields of technology 


TRANSISTORS—first family of electronics 
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This issue of JOURNAL OF METALS is in Two Sections 


1— Magazine 


COVER 


Transactions Section 


Copper, copper everywhere! Cerro de Pasco’s current smelting and refining techniques 
for the red metal and other non-ferrous metals are discussed on pages 1058 through 
1064. Refractories required for such operations are described in some detail on page 


1070. — Artist... Harry Brocke 


FEATURES 


Personnel 1042 
Books 1044 
Reporter 1049 


Annual Meeting 
Reservations 


1112A 


AIME News 
Personals 
Coming Events 


Advertisers Index 


Message from AIME President Reistle 
Long-Range Planning for Institute Development 


1054 


ARTICLES 


Small Melting Furnace Simulates Industrial Conditions 
Complex Metallurgy by Cerro de Pasco 
South Africa: Extraction Process for Gold-Uranium Ores 


Refractories for Aluminum and Copper Production 


Quenching as a Heat Transfer Problem 
Melting and Fabricating Binary Uranium Alloys 


TRANSACTIONS 


Recent Developments in Electrolytic Copper Refining. 
Canadian Copper Refiners Ltd. 


Vapor Pressure of Liquid Copper and Activities | in 


Liquid Fe-Cu Alloys 


Flocculation of Mineral Suspensions with ieeiniiee 


Polyelectrolytes 


Kinetics of the Oxidation of Galena in Ammonium Acetate 
Solutions under Oxygen Pressure 
Predicting the Solubility of Nitrogen in Molten Steel 


Activity Coefficient of Copper in Liquid Iron, Fe- C, and 


Fe-C-Si Alloys at 1600°C 


Equilibrium Considerations in the Roasting of Metallic 


Sulfides 


TECHNICAL NOTES: Effect of Prolonged Heating at High 
Temperature on the Hardenability of 


Boron-Treated Steels 


Silicothermic Reduction of Magnesia and 


Ferrosilicon Activities 
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PERSONNEL 


mechanical 
metallurgist 


Opportunity for 
technical leadership 
in applied research 
on metal deformation 


We are looking for a man with 
Advanced degree in 
metallurgy 
Experience in research 
and development 
Interest in studying 
metal deformation 


We offer 
Salary commensurate 
with experience; 
excellent laboratory 
facilities; enthusiastic 
support for 
investigational 
programs 


Write in confidence to 
Mr. E. F Shell, Administrator 
Technical Recruiting 
and Training 
Appliance Park 


GENERAL ELectAIC 


Louisville, Kentucky 


New York 18; 
Detroit, San Francisco; 
Chicago |. A ts st 


nher 


RESEARCH 


Degree in Metallurgy or Chemi- 
cal Engineering with interest or ex 
perience in non-ferrous metallurgy 
Excellent facilities, educational re 
fund program, good salary and 
many benefits. Opportunity for 
development 

Give full resume about educa 
tion, previous employment and sal 
ary requirements. All replies con 
fidential 

Personne! Director 
American Smelting & Refining Co. 
Central Research Laboratories 
South Plainfield, New Jersey 


WESTINGHOUSE RESEARCH 
LABORATORIES 


METALS JOINING 
Metallurgy Physics — 
Physical Chemistry 
M.S. or Ph.D. Degree 
Fundamental and Applied Research 
Theory of Welding Arcs 
Weldability of 
High Temperature Alloys 
Joining of Dissimilar Metals 
Joining NonFerrous Metals 
SEND CONFIDENTIAL RESUME 
INCLUDING SALARY DESIRED 

TO 
Mr. J. Heuschkel 
Westinghouse Research 
Leborotories 
Beulah Road, Churchill Boro 
Pittsburgh 35, Pa 


€ 


yea 
—————MEN AVAILABLE 

Metallurgical Engineer, Ph.D., 51 
Twenty years in carbon and alloy 
steel melting, rolling, forging, and 
heat treating. Pilot plant and pro- 
duction work in smelting (electric) 
chrome, manganese, and other ore 
Location immaterial. M-150 

Metallurgical Engineer, cight years 
experience in nonferrous metal pro- 
duction. Presently in Europe, seeks 
position with American organization 
for service in Europe. Speak fluent 
English, German, French, and Swed- 
ish. M-151. 


——POSITIONS OPEN——_—_—_ 
Metallurgical Engineer or Metal- 
(Continued on page 1046) 


Additional classified advertis- 
ing appears on pages 1043, 
1046. 


Take Advantage of Unusual Opportunities with . . . 


FLAME PLATING 


This unique and revolutionary process for applying thin coatings of tungsten carbide 
and other materials to metals is undergoing extensive development at our new, air- 
conditioned Speedway Laboratories in suburban Indianapolis. Challenging and reward- 
ing career openings are offered to engineers interested in 


controlled detonations 

© process engineering 

© instrumentation and controls 
© equipment design 


acoustic engineering 
corrosion 

wear 

surtace finishing 


BS, MS., or Ph.D. graduates with up to 5 years experience and demonstrated techni- 


cal ability are needed for 


DEVELOPMENT 
RESEARCH 


PRODUCTION 
e SALES 


Send complete resume including education (approximate academic achievement), ex- 


perience and work interest to 


LINDE AIR PRODUCTS COMPANY 


a division of 


UNION CARBIDE AND CARBON CORPORATION 


P.O. Box 8237, ind 


polis 24, Ind 


Attention: Mr. J. J. Rostosky 


Refer to ad: JM-FP 


METALLURGIST 


Specialty rolling mill in Eastern 
Pennsylvania requires metallurgist 
to handle development of new 
products through laboratory, pro 
duction and application phases 
Mill, or laboratory experience pre 
ferred. Pay approximately $8000 
depending upon experience. Excel 
lent chance for advancement in 
small growing concern Profit 
sharing plus group insurance plans 


Box H-11M AIME 
29 West 39th St New York 18 


METALLURGICAL 
ENGINEER 
FOR EUROPE 


Internationally known research or 
ganization needs an outstanding 
man to work out of its European 
office to maintain surveillance of 
new European metallurgical devel 
opments 

Minimum of 10 years diversified 
metallurgical experience, college 
degree, good knowledge of Europe 
and its languages, and U. S. citi 
zenship are absolute essentials 
Initial assignment is for 2 years 
Transportation for families and 
possessions; travel expenses in 
Europe; and overseas salary differ 
entials are provided. Write to 


J. A. Metzger 
ARMOUR RESEARCH FOUNDATION 


of Illinois Institute of Technology 
10 West 35th St 
Chicago 16, Illinois 
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RESEARCH METALLURGIST 


r MS in Metallurgy is required 
te of the corrosion and stress 


ence and apabilities. Please reply to 


J. Pryor 

Kaiser Aluminum & Chemical Corporation 
Department of Metallurgical Research 
spokane 69, Wast ington 


INSTRUCTOR OR ASSISTANT PROFES- 
SOR: To teach courses in metallography 
and/or foundry engineering. Opportunity 
for graduate work. Salary and rank de 
pendent upon qualifications. Write: Dept 
of Mining and Metallurgy, University of 
Wisconsin, Madison 6, Wisconsin 


METALLURGISTS 


Openings in atomic power for BS, 
MS or PhD degrees in Metallurgy 
or Metallurgical Engineering 

Basic and Applied Research—effects 
of irradiation on properties and phase 
stability ; corrosion mechanisms, frac- 
ture mechanisms, equilibrium dia- 
grams, etc. 

Fuel Element Development—Develop- 
ment of uranium fuel alloys, zir- 
conium cladding alloys and neutron 
absorbing control alloys; methods of 
working them 

Pilot Plart Manufacturing —Reactive 
nature of materials in fuel elements 
requires unusual amount of process 
control including: common metal- 
lurgical tests, corrosion testing, and 
non-destructive tests 

Location in Pittsburgh's suburban 
South Hills. Send resume of educa- 
tion and training to 

Mr. M. J. Downey 
Westinghouse Bettis Plant 

P. O. Box 1468—A-66 
Pittsburgh 36, Penna. 


METALLURGISTS 
STAINLESS STEEL 


Major fully integrated pro- 
ducer of carbon steels now 
laying plans for early entry 
into stainless field has open- 
ings for metallurgists experi- 
enced in manufacture and 
processing of stainless steel 
Experience desired in arc 
melting, hot working, condi- 
tioning, cold rolling, heat 
treatment and application of 
austenitic and ferritic stain- 
less alloys in the form of 
sheet and strip. Salaries 
based on applicant's training 
and previous experience 
Excellent opportunity for 
growth. Liberal vacation, re- 
tirement and insurance pro- 
grams. Location in Pitts- 
burgh or Cleveland. Reloca- 
tion expenses paid. Replies 
held confidential Send 
resume to 
J. A. Hill 
Research and Development Dept 
JONES & LAUGHLIN 
STEEL CORP. 


3 Gateway Center 
Pittsburgh 30, Pa 


METALLURGISTS 
WELDING ENGINEERS 


Exceptional opportunities are now available at Armour Research 
Foundation. Our expanding and diversified research and develop- 
ment programs have created openings at all levels of experience, 
for capable individuals specializing in the following fields: 


Reactor Metallurgy 
Physical Metallurgy 


Non-ferrous Alloy Development 
Welding and Brazing 


These are permanent positions with one of the largest and most 
progressive organizations of its kind, and offering good salaries, 
optimum professional associations, and liberal benefits which include 


tuition free graduate study. 
Write to: 


J. A. Metzger 


ARMOUR RESEARCH FOUNDATION 


of Illinois Institute of Technology 
10 West 35th St. 


Chicago 16, Illinois 


NOW... 


A Challenging 


Position in the 


DUPONT 
ENGINEERING 
DEPARTMENT 


for one experienced 


METALLURGIST 


The Engineering Service Division 


of du Pont’s Engineering Depart 


ment has an unusual position 


available for a graduate metal 


lurgist or metallurgical engineer 


whose experience with metals and 


alloys qualifies him for challeng 


ing and responsible consulting 


service in connection with the 


construction of chemical proc 


essing equipment and facilities 


The successful applicant will ini 


tiate and direct studies to insure 


maximum use of metals and al 


loys, recommending their selec 


tion and use in terms of cost, 


availability, and life expectancy 


Duties will include consulting 


and specification in welding, join 


ing, and fabricating 


Please send complete reaume, in 
cluding details of education and 


experience, to 


Mr. J. C. Costello, Jr 
Engineering Department 


Better Things fer Better Living 
throwgh Chemistry 


E. |. du Pont de Nemours 
& Co., Inc. 


Wilmington 98, Delaware 
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first time at the Geneva Conference, 


f4 this volume is divided into three 
KS parts: Metallurgy of uranium and 
thorium; Radiation effects; Solid 


and fluid fuels. The authors, who 
are associated with Brookhaven Na- 


ORDER YOUR BOOKS THROUGH tional Laboratory, have prepared 
AIME—Address Irene K. Sharp, Book this work for scientists and engi- 
Dept. AIME members given 10 pct neers concerned with reactor use or 
discount whenever possible. Please construction, for students and teach- 
order Government publications direct ers, and for those in industry and 


from the agency concerned finance whose interests are involved 
in applied atomic science 


Nuclear Fuels, by David Gurinsky Construction, Planning, Equipment 
and George J. Dienes, D. Van Nos- and Methods, by R. L. Peurifoy, 
trand Co. Inc., $7.50, 1956.—Based McGraw Hill Book Co. Inc., $8.50, 
on much material disclosed for the 534 pp., 1956.—One in the McGraw 


JPL...AN ESTABLIGHED CENTER OF 


GUIDED MISSILE RESEARCH AND DEVELOPMENT 


As a respected nucleus of scientific research and development, 


the Jet Propulsion Laboratory's prime objective is to obtain basic 


information in the sciences related to missile development. Its 


program also includes fundamental research in most of the 


phy sical sciences 


The work at IPL includes a search for new propeilants and 


new materials, and the investigation of basic concepts and proc- 


esses in both chemical and nuclear propulsion 


Exceptional opportunities for original research under ideal 


working conditions have resulted in an effective group of scien- 


tists and engineers devoted to the attack on problems of the future 


JOB OPPORTUNITIES NOW AVAILABLE FOR 


SOLID STATE PHYSICISTS © MECHANICAL ENGINEERS ©¢ NUCLEAR ENGINEERS 


CHEMISTS © NUCLEAR PHYSICISTS © CHEMICAL ENGINEERS © METALLURGISTS 


APPLIED MATHEMATICIANS 


Write today for further information 


JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA IMSTITUTE OF TECHNOLOGY 


PASADENA, CALIFORNIA 
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Hill Series in Civil Engineering, this 
book was penned by a professor at 
the Agricultural and Mechanical 
College of Texas. It applies the 
fundamentals of engineering to the 
field of construction including a 
complete development of job plan- 
ning and layout, and record keeping 
The book is designed for students in 
engineering, architecture and relat- 
ed fields. Professional men in the 
construction industry are supplied 
with a guide for projects, with the 
most suitable equipment and meth- 
ods recommended. Various types of 
construction equipment are analy zed 
as to performance, cost and suit- 
ability. Some of the topics covered 
are: how to reduce the cost of ex- 
cavating and transporting earth; de- 
sign of belt conveyor systems; and 
safety engineering as it applies to 
construction 


The Casting of Steel, edited by W.C 
Newell, Pergamon Press Inc., $15.50, 
599 pp., 1955.—Prepared by a group 
of authorities from the British steel 
industry, this book provides a 
balanced view of the whole subject, 
from basic principles and their appli- 
cations to practical problems in the 
foundry. The opening chapters deal 
with the properties of molten steel, 
solidification, the melting process, 
and refractories. Detailed descrip- 
tions of pattern making, mold prep 
aration, and the casting process are 
included, with separate chapters de 
voted to centrifugal and investment 
casting. The last part of the book 
covers heat treatment, properties, 
specifications, and testing 


American Universities and Colleges, 
edited by Mary Irwin, American 
Council on Education, $12.00, 7th ed., 
1210 pp., 1956.—This book brings 
up-to-date a classi reference 
for student counselors, college ad- 
ministrators, researchers, and writ- 
ers. Full descriptive data on 969 ac- 
credited colleges in the U.S., Alaska, 
Hawaii and Puerto Rico are pro- 
vided. Also included is data on 
2,016 approved professional schools 
in 23 fields 


The Control of Quality in the Produc- 
tion of Wrought Non-ferrous Metals 
and Alloys, Part III. The Control of 
Quality in Heat Treatment and Final 
Operations, (Monograph and Report 
Series, No. 17), The Institute of 
Metals, London, $2.50, 104 pp., 1955 

Five of the six papers in this mono 
graph deal with the heat treatment, 
finishing, inspection, and testing of 
rolled, extruded, and drawn alum) 


num and aluminum alloys; copper 
and aluminum rod and wire; copper 
and copper-base alloys; lght-alloy 


drop forgings; and wrought nickel 
and nickel alloys. The sixth paper is 
a review of methods of aeronautical 
inspection of wrought products as 
conducted by the British Ministry of 
Supply 


ve 
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AS PARTNERS IN 


YOUR PROGRESS... 


OU RRA 


Ww i 
~isa factor! 


EN) . | The extensive background of experience of Great 
pfred's ROARS Lakes Carbon Corporation in industrial carbons and 


other raw materials is an unique plus factor in the 


uniformity which distinguishes GLC electrodes, anodes, 


carbon brick and mold stock. 


The high degree of integration between discov- 
eries in our research laboratories, refinements in pro- 


ELECTRODE 


cessing raw materials, and improved manufacturing 


techniques is further assurance of excellent product 


performance. 


D 


Vv 


arbon Corporation 


ADMINISTRATIVE OFFICE: 18 East 48th Street, New York 17, N.Y. PLANTS: Niagara Falls, N.Y., Morganton, N.C. OTHER OFFICES: Niagara Falls, N.Y, 
Ock Pork, tll., Pittsburgh, Po. SALES AGENTS: J. B. Hoyes Company, Birmingham, Ala., George O. O'Hara, Wilmington, Cal, SALES AGENTS IN OTHER 
COUNTRIES: Great Northern Carbon & Chemical Co., lid., Montreal, Canado; Greot Eastern Carbon & Chemicol Co., Inc., Chiyoda Ku, Tokyo, Jopan 
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FUTURE in 
ATOMIC POWER 


Atomic power, we feel, offers out- 
standing opportunity for an en- 
gineer or scientist to grow pro- 
feasionally. It's new enough so 
that the work is challenging; still 
it's well enough established so 
that a capable man can make 
real progress. 

If you are interested in a non- 
routine position that will use all 
of your education and experience, 
we suggest you investigate the 
future with the leader in Atomic 
Power. At Bettis Plant, there 
are select positions open for 
specially qualified: 


PHYSICISTS 

® MATHEMATICIANS 
® METALLURGISTS 

® ENGINEERS 


Write for the booklet ‘“To- 
morrow's Opportunity TODAY” 
that describes opportunities in 
your field. Be sure to indicate 
your specific interests. 


Write: Mr. A. M. Johnston 
Dept. A-54 
Westinghouse Bettis Plant 
P. 0. Box 1468 
Pittsburgh 30, Penna. 


BETTIS PLANT 
Westinghouse 


FIRST IN ATOMIC POWER 
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Personnel 
(Continued from page 1042) 

lurgist, graduate, with experience in 
nonferrous laboratory and process- 
ing of alloy strip and wire. Salary, 
$5000 to $8000 a year. Location, New- 

ark, N. J., area. W3652 
Instructor in Metallurgy, either an 
M.S. degree or industrial experience 


engineer... 


High Temperature 
Metallurgy and Corrosion 
Research on 

Nuclear Flight Project 


This senior research position in the 
application of nuclear energy to the 
field of flight calls for both versatil 
ind breadth of creative thinking 
bit of the talent that the 
qualified engineer brings to this po 
sition will be effectively employed in 
research designed to provide im 
proved metals and alloys for use in 
an aircraft nuclear power plant 


The job requires a degree in physi- 
cal metallurgy or metallurgical engi 
neering and 8 to 10 years experience 
in working with high temperature or 
corrosion resistant metals and alloys 
‘If directly related, time spent on 
obtaining an advanced degree may 

considered part of the experi 


Publication of research results in 
the appropriate classified or open 
literature is encouraged 


OPENINGS IN CINCINNATI, OHIO 
AND IDAHO FALLS, IDAHO 


address replies stating salary 
requirements to location you prefer 


L. A. Munther 
P.O. Box 535 
idaho Falls, idaho 


GENERAL ELectRIC 


Cincinnati, O 


Opportunity for half-time study for 
advanced degree with half-time 
teaching either in mechanics or eng!- 
neering metallurgy. Twelve months 
salary to $5000, depending on quali- 
fications. Starts Sept. 1, 1956. Loca- 
tion, Pennsylvania. W3627 

Metallurgist, B.S. or M.S. degree, 
and some experience in precision 
casting techniques and foundry 
methods, for work on high tempera- 
ture applications, mold materials, 
precision casting processes, labora- 
tory testing, and failure analysis 
Salary open. Location, upstate New 
York. W3614 

Metallurgical Engineer, BS. de- 
gree, for production (quality con- 
trol) and development work in the 
field of vacuum melted materials 
Steel mill experience desired but not 
a necessary requirement. Salary, 
$6000 to $7000 a year, depending on 
experience Location, New York 
State. W352! 


METALLURGICAL RESEARCH 
ENGINEERS 


A wide variety of immediate and future 
openings exist for capable engineers 
with backgrounds or interests in any 
of the following areas of metallurgical 
endeavor 
Physical and Process Metallurgy 
Titanium and Light-Alloy Deveiop 
ment 
High-Temperature Metaliurgy 
Metals Joining 
These openings offer outstanding pos 
sibilities for professional recognition 
and out-of-the ordinary promotional of 
portunities in a stabie, progressive or 
gan zation which has enjoyed a three 
fold expansion in the last ten years 
For technical application form and 
literature describing our operations 
write to 


Technical Personnel Manager 
BATTELLE INSTITUTE 
505 King Avenue 
Columbus |, Ohio 


METALLURGISTS 


Unusual opportunity with top aircraft leader, exploring the advanced 
aeronautical demands placed on metals. Successful applicants should 
have degree in metallurgy with a minimum 2 years experience, pref- 


erably aircraft, covering the following 


¢ Consultant to Engineering Dept. and Production Dept. 
e New Material Evaluation « Standardization « Vendor 


Contact e 


Conduct technical meetings with other 


departments and write material specifications and process 


specifications. 


In addition to growth opportunity with expanding Republic, you will 


also enjoy one of industry's 


top-rated benefit programs, which in 


cludes our famous 2-Fold Pension Plan offering a choice for maximum 


retirement income 


Please send complete resume including 
details of your technical background to 


Mr. David G. Reid 
Engineering Personnel Manager 


SUE 
FARMINGDALE, LONG ISLAND, NEW YORK 


* a 
W. J. Kelly 
‘ 
£ 
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This is the cell room in ELecTROMET'S new electrolytic manganese plant at Marietta, Ohio 


Now Available! “ELECTROME 


Trade-Mark 


ELECTROLYTIC MANGANESE 99.9 


Specifications of ELECTROMET Electrolytic Manganese 


For all uses where a high-purity 


manganese is required... 


ELECTROMET’s process for making electrolytic man- 
ganese produces high-purity metal with a minimum 
of 99.9 per cent manganese. This material is well 
suited for all uses where high-purity manganese is 
required, as in the production of low-carbon stainless 
steels, high-temperature alloys, non-ferrous alloys, 


and electrical resistance alloys. 


A nitrided 


electrolytic manganese, containing about 6 per cent 


Nitrogen-Bearing Electrolytic Manganese 
nitrogen and 93 per cent manganese, is also avail- 


able for metallurgical uses from ELECTROMET. 


The term ‘Electromet” is a registered trade-mark of Union 
Carbide and Carbon Corporation. 


Analysis Manganese 99.9% min. (on metallic basis) 


approx. manganese 


approx. 6% nitrogen 


Nitrogen-bearing Grade 


Dehydrogenated material is available 


Packaging: Usually packed in steel drums holding 500 
lb. of material. Smaller packages available at small 


premium 


For further information about ELectromet electro 
lytic manganese metal, and other E_ectnomet ferro 
alloys and metals, please contact the nearest 


ELectromet office listed below 


ELECTRO METALLURGICAL COMPANY 


A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street [Tq@ Now York 17, N. Y 
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Typical Mechanical Properties of Ni-Vee Bronzes 


A B c D E 

TYPE (lead free) (1% lead (5% lead) || (10% lead) || (20% lead) 

As | Tem-| Heat- As | Tem-|| As | Tem-|| As | Tem- || As | Tem- 

Cast | pered | Treated|| Cast | pered|| Cast | pered|| Cast | pered || Cast | pered 
Tensile Strength (thousand psi)....|| 50 65 85 45 60 40 50 35 40 25 30 
Yield Strength (thousand psi)...... 22 40 55 20 40 20 30 20 25 18 22 
Elongation, % in 2”............0.. 40 10 10 30 8 15 5 10 2 5 2 
Brinell Hordness................... 85 130 180 80 120 80 130 80 110 70 80 


Now ... designers and engineers can readily select 
a suitable bronze for any specific need ... from 


only five Ni-Vee* bronzes. 


“As Cast,” these five Ni-Vee bronzes provide 
mechanical properties that surpass those of com- 
parable G bronze, red brasses and leaded bearing 
bronzes. What's more, their superior properties can 
be still further elevated by simple heat-treatments. 


Basically, each Ni-Vee bronze contains 5% nickel 


and 5% tin, from 0 up to 20% of lead. Tensile 
strength ranges from 25 to 85 thousand psi, and 


hardness from 70 to 180 Brinell. 


Advantages 


Just five of these Ni-Vee bronzes make it possible 
to standardize metal inventories, melting practices 
and shop operation . as well as specification 
to meet many industrial uses for copper-base 


castings. 


Each Ni-Vee bronze contains an optimum nickel 
content to raise levels of strength, hardness and 
toughness. In addition, this nickel content provides 
a high degree of corrosion resistance in the Ni-Vee 
bronzes. Negligible zine content makes it free from 
dezincification. This spells resistance to stress- 
corrosion attack. 


INCO, THE INTERNATIONAL NICKEL COMPANY, INC. 
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Specifying is simple and systematic 
with 5 versatile Ni-Vee Bronzes 


A versatile family 
Copper-base alloys are ordinarily used for the 
three types of castings listed below. For each of 
these applications a Ni-Vee bronze provides partic- 
ular advantages: 


(1) Constructional castings — high strength 
(2) Pressure castings — fine grain 
(3) Bearing castings — resistance to wear 
and seizure 
The simple family of five Ni-Vee bronzes actually 


replaces the confusing variety of miscellaneous 
bronzes. As a result, engineers and designers can 
now specify simply and systematically .. . specify 
Ni-Vee bronzes wherever possible. Parts cast in 
Ni-Vee bronze already serve electrical, power, steel, 
petroleum, chemical, automotive, aircraft, railroad 


and other industries. 


Engineering data for you 


Learn how the Ni-Vee bronzes can simplify your 
specification work, improve product performance. 
Send for a copy of “Engineering Properties and 
Applications of Ni-Vee Bronzes.” 

It contains useful information like 

that given in the table above: tables ee 
of composition, charts on deforma- 
tion, friction, fatigue, elevated 
temperature service, electrical 
resistivity, wear and other engi- 
neering data. Write for it now. 


* Registered trademark 


67 Wall Street 
New York 5. N.Y. 


REPORTER 


Arizona and Utah Copper Developments 
At Hayden, Ariz., Western Knapp Engr. Co. is constructing a copper 
smelter for Kennecott Copper Corp. The plant is scheduled to com- 
mence operation in February 1958 on concentrates from Ray Mines Div 
at the rate of 20,000 tons per month. Present mining limits of the open 
pit will be extended so that adjacent and deeper sections of the ore- 
body can be mined. ... At Garfield, Utah, Kennecott’s $2 million verti- 
cal casting wheel is now producing one-ton, and eventually two-ton, 
copper cakes to meet the demands for the continuous rolling of copper 
strip. Also to be produced are billets up to 4-in. diam for extrusion into 
copper tubing. The vertical casting wheel can carry 28 cake and 28 
billet molds, casting at the rate of 40 tph Also at Garfield, Utah, 
the Garfield Chemical & Mfg. Corp., jointly owned by Kennecott and 
American Smelting & Refining Co., is increasing the capacity of its con 
tact sulfuric acid plant from 750 to 1000 tpd by adding a fifth unit to 


treat copper converter gases 


Copper Leaching Unit Planned for Philippines 


Atlas Consolidated Mining & Development Corp. has announced that 
its directors have approved plans for the erection of a copper leaching 
plant at Sangi, near Toledo on the island of Cebu, where Atlas has its 
ocean-loading facilities. The capacity is to be adequate to treat 10,000 
tons of concentrate per month from the Atlas property as well as addi- 
tional tonnages of other concentrates. The process is expected to consist 
of roasting the concentrates in DorrCo Fluosolid roasters, followed by 


leaching and electrolytic precipitation 


Canada Works for Self-Sufficiency in Uranium Metal 


President of Eldorado Mining & Refining Ltd. recently announced to 
a House of Commons committee, that Eldorado has designed and will 
build a uranium metal plant with sufficient capacity to meet Canada’s 
present and future demands, which are now being met by U. 5S. im- 
ports. The plant is expected to be in operation late in 1957 


Titanium News 


The first of five new titanium melting furnaces went into operation this 
summer at Mallory-Sharon Titanium Corp., Niles, Ohio. The firm’s ex- 
pansion program, to be completed next year, will raise melting capac- 
ity to 500 tons per month by doubling the number of melting furnaces 


and enlarging research, engineering, and quality control facilities 

Crucible Steel Co. of America and its affiliate, Rem-Cru Titanium Inc., 
announced plans for increasing by 100 pet titanium sheet rolling capa- 
city at Crucible’s Park works in Pittsburgh; included is remodeling of 
a sheet mill and installation of a continuous double-row furnace for 
heating titanium slabs. . In London, Imperial Chemical Industries 
Ltd. have announced the awarding of a £2 million contract to the Brit- 
ish subsidiary of H. K. Ferguson Co. for construction of a titanium roll- 
ing mill in South Wales National Research Corp. has been awarded 
a U.S. Air Force contract for development of manufacturing methods 
and pilot production of titanium alloy castings. The project will in- 


clude a comprehensive study of aircraft frame, engine, and accessory 


requirements 
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“The finest steels ever developed”... 


In this new ultra-modern Research Center* at Monroeville, Pa. 


United States Steel is intensifying its activities in fundamental 


and applied research to better serve a changing world. 


t is wafe to say that every man, woman 

and child living in America will in 

some way be benefited from the work 
being done in these laboratories 

For, by advancing the knowledge of 
steel and its related products—by better 
utilization of raw materiala—by im 
proving steelmaking techniques — by de 
veloping new methods of recovery and 
purification of coal chemicals — and by 
other allied research activities, from here 
will come not only better steels to meet 
the more stringent requirements of to 
morrow, but a whole host of valuable 
products undreamed of today 

To accomplish this end, facilities at the 
Research Center are divided into two 
main groups: the Edgar C. Bain Labora 
tory for Fundamental Research which 
engages in research of a basic nature or 
of long-range significance—and the Ap 
plied Research Laboratory which applies 
basic scientific knowledge from all avail 
able sources to the improvement of pro« 
esses and products and the development 


of new ones 
The Fundamental Research Laboratory 


Broadly speaking, work in the Funda 
mental Research Laboratory covers four 
scientific fields: Physics, Physical Chem 
istry, Physical Metallurgy and Metal 
lurgical Chemistry 


Specific activities of moment are con 
cerned with fundamental studies of the 
chemical equilibria of interest in steel 
making and related operations, vacuum 
melting techniques, and the use of radio 
active tracer elements in scientific in 
vestigations the precise measurement 
of various physical, electrical and mag 
netic phenomena, electron microscopy 
and X-ray studies determination of 
the effects of elevated temperatures on the 
properties of metals how heat treat 
ment affects the microstructure and prop 
erties of steel the development of new 
or improved metallographic techniques 
In short, here are accumulated scientific 
data of a fundamental nature that will 
provide an ever-broadening basis for the 
technology of the future 

Some of the rather unusual facilities 
available in this laboratory include an 
X-ray microanalyzer — perfected by the 
Fundamental Research Laboratory and, 
we believe, the first of its type to be 
used in this country. This instrument is 
capable of identifying microscopic par 
ticles which cannot be removed from the 
iron matrix 

Also designed and built at the Funda 
mental Research Laboratory is a unique 
micro- hardness tester for measuring the 
hardness of the individual constituents 


observed in the microstructure of a steel 
specimen 

To investigate properties of steels in 
tended for high temperature service, the 
Fundamental Research Laboratory has 
developed apparatus which permits the 
measurement of hardness at tempera 
tures up to 1500° F 

High-speed motion-picture photogra 
phy, using a camera which operates at 
speeds up to 3000 frames per second, is 
being employed to record, for example, 
what happens in a welding arc, in the 
combustion zone in front of a blast 
furnace tuyere, in steel pouring and 
teeming streams and during the break 
ing of mechanical test specimens 

As an aid in developing steels with 
improved properties through the reduc 
tion of gaseous impurities, a furnace for 
the melting and casting of small, experi 
mental heats in vacuum or under special 
atmospheres is available. (A similar 
vacuum furnace of 300 pounds capacity 
is available in the Applied Research 
Laboratory.) 


The Applied Research Laboratory 


The Applied Research Laboratory directs 
its efforts largely to specific, definable 
problems, the solutions for which are 
usually in immediate demand 


% Important research is also carried out by several of the Oper 
ating Dinsions and Associated Companies of United States 
Steel. For example, the Oliver lron Mining Division operates 
a unique laboratory at Duluth, Minnesota, for studies on the 
mining and beneficiation of won ore Other laboratories are 
operated by the National Tube Divimon in Pittsburgh, Pa 
the American Steel and Wire Division in Cleveland, Ohio, and 
the Uniwersal Atlas Cement Company in Buffington, Indiana 
jor carrying out research directly relating to their respective 
operations and products 


Of vital importance, if the country is to 
be assured of an uninterrupted supply of 
steel in the future, is optimum utilization 
of raw materials. This involves research 
on the recovery and beneficiation of lower 
grade iron ores(the so-called “taconites”’) 
and their utilization in the blast furnace 

studies for evaluating various methods 
of agglomerating ore concentrates, such 
as sintering, nodulizing or pelletizing. A 
specially designed, experimental sinter 
ing machine makes it possible to study 
sintering characteristics of various raw 
materials as well as the sintering opera 
tion itself 

Paralleling this program are studies 
to develop an increasing use of low grade 
coals... to increase recovery of coal from 
coal washery plants to improve 
coke quality through better selection and 
blending of coals. The Laboratory has 
complete facilities for preparing and 
blending coals, for closely controlled, 
experimental coking operations and for 
exhaustive testing of the experimental 
cokes produced 


Now being greatly extended is a re 
search program for the continued im 
provement in quality of the chemicals re 
covered from coke oven gases—benzene, 
toluene, xylene, naphthalene, pyridine, 
phenol, etc. The work in this field not 
only has resulted in chemicals of higher 
purity but has greatly increased their 
availability for the final products made 
from them —plastics, resins, dyes, phar 
maceuticals and a host of others 

Another Applied Research activity of 
importance, because it furthers the con 
servation of one of our great natural 


may well have their beginnings here 


resources, wood, comprises extensive 
studies of the use of coal-tar creosote 
improved methods of application 
factors influencing permanence toxic 
ity to wood-destroying organisms and so 
forth. Other investigations which are be 
ing actively pursued concern the recovery 
and utilization of the lesser known com 
pounds not presently recovered from 
coal tar. 

United States Steel has pioneered in 
the field of coated steel products, par 
ticularly electrolytic tin plate, and is 
continuing to make significant contribu 
tions on this subject. These studies have 
had a profound influence on the manu 
facture of tin plate throughout the world, 
resulting in more efficient utilization of 
available supplies of tin, and the develop 
ment of such entirely new products as 
differentially coated tin plate 

Directly attributable to the work done 
in the Applied Research Laboratory is 
the development of new and improved 
alloy, stainless and other special steels 
For example, the now familiar high 
strength, low alloy steels having superior 
resistance to atmospheric corrosion, of 
which “Cor-TEN” Steel is the prototype 

“T-1" Constructional Alloy Steel, a 
low carbon Ulloy steel which, furnished 
in the heat treated condition, provides 


high strength and toughness plus excel 


lent weldability ultra-high strength 
steels for aircraft landing gears and other 
critical aircraft parts requiring maximum 
strength and reliability with minimum 
weight age hardening austenitic steels 
steels for television picture tubes 
stainless steels resistant to sulphuric 
acid. And for the chemical industry, for 
steam and gas turbines and jet pro 
pelled aircraft, steels with improved cor 
rosion resistance and high temperature 
properties. These problems, and many 
more, engage the attention of Applied 
Research 


Personnel 


Now something about the men and 
women who staff this new Research 
Center of United States Steel. More 
than 500 in number, they include many 
of the leading research scientists in the 
steel industry. These outstanding metal 
lurgists, physicists, chemists and highly 
skilled technicians operate as research 
teams to continually advance the fron 
tiers of steel technology. Working with 
the ultra-modern facilities available in 
these splendid laboratories, their aim is 
to make certain that the familiar phrase 
Only Steel can do so many jobs so well 
will be as true in the years ahead as it 
is today. United States Steel Corpora 
tion, Pittsburgh 30, Pennsylvania 
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Heat More 
with MORGAN- 


The Morgan-lIsley system offers you a better 
means of heating ingots with straight blast 
furnace gas, coke oven gas, natural gas or oil. 


The schematic shows the flow of combustion air and flue 
gases through the regenerators and soaking pit. The 
Morgan-lsley system employs vertical regenerators. It 
eliminates regenerator capacity under the crane runway 
thus freeing this valuable area for heating steel. 


MORGAN CONSTRUCTION COMPANY worcester, MASS. 


|: Weed Koppen Building, Pitmburgh, Pennsylvania 
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a vertical 
metallograph for 
the ultimate in 
versatility and 
photomicrography... 


Modern industry is called upon to test new materials and methods almost every week. 
The PANPHOT Metallographic Microscope is a highly versatile instrument designed 
for utmost efficiency, ease of operation, and long life. Material specimens, regardless 
of their size, can be observed from corner to corner in an upright position. 


e New vertical illuminator with rapid objective 
changing device. 
Low-power illuminator for photography speci- 
mens up to 60 mm. in size, 
Instant change-over from binocular observation 
to photography. 
Low-voltage lamp intense enough for photog- 
raphy, plus arc lamp and the highest powers 
‘of magnification. Magnification ranges from 
2x to 2000x. 
Vertical compact construction requiring mini- 
mum of space. 


&. LEITZ, INC., Dept. JM-8 
468 Fourth Avenue, New York 16, N.Y. 


Please send me brochure on PANPHOT Metallographic 
Microscope 


Nome 


Street 


City 


Leirz, inc., 4686 FOURTH AVENUE, NEW YORK 16, WN. Y. 
Distributors of the worid-famous products of Ernst Leitz, Wetziar, Germany 
LENSES + CAMERAS + MICROSCOPES + BINOCULARS 
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AN AIME REPORT: 


Implementation of Long Range Planning for 
Institute Development 


et forth in its constitu- 
To promote the arts and sciences con- 
production of the useful 
and the welfare of those em- 
ployed in these industries by all lawful means in 
ubstantially the same as that estab- 
lished by the founders of AIME in 1871, but the 
of achieving it are decidedly different. There 
were twenty-two founding members; there are more 
than that many thousand members at present and 
almost three times that many persons employed on 
the Institute staff. There are almost a dozen different 
technical specialties within the Institute and over 
eventy groups of members organized a 
tions. Consequently, the organization of AIME today 
must be substantially different from what it was in 
1871, or even a decade ago. The organization must 
continually be adapted to the needs of the member- 
hip. Over the years this has been the policy of the 
Board of Directors. For example, in 1911 local sec- 
tions were authorized, the first three being New 
York, Boston and Spokane. In 1912 the Iron and 
Steel Division, the prototype of the technical com- 
mittees, was authorized, and in 1914 the following 
technical committee had formed: Iron and 
Steel, Precious and Base Metals, Mining Geology, 
Mining Methods, Nonmetallic Minerals, Coal and 
Coke, Mining Law, Petroleum and Gas, and Use of 
Electricity in Mine In 1913 the Bylaws were 
changed to permit formation of “professional groups 
to be known as Divisions of the Institute.””’ However, 
it was not until 1918 that the first professional Divi- 
ion was formed 

In 1948, as a result of the Johnson Committee's 
tudy of the Institute’ 
ent branche 


HE purpose of AIME as 
tion is” 
nected with the economic 
minerals and metal 


This purpose i 


mean 


local sec- 


been 


organization, the three pres- 
of the Institute were organized. These 
changes were largely good, and great progress has 
been achieved under them, but new problems and 
new methods of operation have been developed dur- 
ing the past decade which are not adequately pro- 
vided for under the present Institute structure. As 
these three branches grew in stature through service 
to the members, they have become more and more 
the units of the Institute with which members affili- 
ate professionally. This growth indicates that these 
units should be given greater responsibility and 
authority to handle their own problems. Further- 
more, with the formation of some local sections as 
professional as well as administrative units, addi- 
tional organization changes seem advisable 

The AIME Board recognized these changes, and at 
the beginning of 1955 appointed a committee of 
three senior members known as the Long Range 
Planning Committee to study them and propose an 
organizational structure that would meet current as 
well as future needs. The official report of this Com- 
mittee was presented at the last Annual Meeting of 
the Institute in New York and published in recent 
issues of the AIME journals. The Committee pro- 
posed basically that the three present branches be 
converted to societies with more responsibility for 
operations placed in their hands. A sub-committee 
was then appointed to study the Long Range Plan- 
ning Committee Report, Their assignment was to 


recommend to the Board what steps should be taken 
to implement or reject the several recommendations 
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of the Long Range Planning Committee. The report 
of the Sub-Committee was presented to the AIME 
Board of Directors at its last meeting on June 20-21 
in New York 
In their report, the Sub-Committee made this 
statement with reference to the Long Range Plan- 
ning Committee Report 
“Careful analysis of the Long Range Plan as 
it affects the inadequacies of certain phases in 
the present administrative organization of the 
Institute, has emphasized the merit of The 
Plan. The Study Committee believes that The 
Plan can do nothing but strengthen the Insti- 
tute, because the study shows that the basic 
philosophy of The Plan was to set up the or- 
ganization of the Branches on such a basis, so 
that more careful planning and execution of 
programs could be effected. The mere fact that 
the Branches have been dignified by calling 
them Societies in no way creates three little 
AIME’s within the confines of the major AIME, 
as some uninformed critics might believe.” 
After a very extended discussion, the Board voted 
to authorize any of the three branches to become a 
society once they submitted a set of bylaws accept- 
able to their membership and approved by the Board 
of the AIME. This action of the Board leaves each 
branch free to take the action it chooses. In voting 
the approval for conversion from branches to socie- 
ties, the Board stipulated that it is not mandatory 
that a Branch become a Society and that it is not 
mandatory that each Division as now constituted 
remain in a particular Society. It is up to each 
Branch to carry forward the action of its own choice 
It was the consensus of the Board that before fur- 
ther action should be taken on the Long Range Plan- 
ning Committee it would be advisable to make a 
study of the Institute Bylaws. The Board voted that 
a Committee be appointed to study and recommend 
changes or revisions in the Bylaws. This Committee 
was appointed and instructed to report at the next 
Board meeting 
It is no small credit to the vision of the AIME 
founders that the present major purposes of the In- 
stitute are essentially those they adopted Under 
these purposes the Institute has built, added to, and 
conserved a tremendous 
knowledge. It has built, added to, and conserved an 
equally important legacy of professional concepts 
The Institute could never have accomplished these 
purposes with a policy of standing still. Its guiding 
principle has always been one of seeking new and 
better ways to convert ou! 
sources and technical knowledge to the use of man- 
kind. Your President hopes that a form of organiza- 
tion will be developed, as a result of the work of 
these committees and the interest shown by individ- 
ual members, that will be more effective in carrying 
out the principles and purposes of the Institute. In 
order for the AIME to continue to be a great profes- 
sional society and to adequately serve its members, 
the officers and Board of Directors must have the 
interest, counsel, loyalty, and active support of all 
the members 


heritage of engineering 


riches of mineral re- 


: 


~ 


a 


a) 


Study Committee Report 


T the Feb. 21, 1956 AIME Board of Directors’ meet- 
ing, a committee was appointed by President Reistle 

to study and to work out some of the organizational de- 
tails and modifications that would be required to imple- 
ment the Long-Range Plan authored by Andrew 
Fletcher, Leo F. Reinartz, and Car! E. Reistle, Jr. Spe- 
cifically, “The Committee was charged to work with the 
Branches and the members of the Institute to imple- 
ment the Long-Range Planning Committee's recom- 
mendations in the reorganization of the Institute and 
to report at the June Board Meeting.’’* 

* From the Minutes of the Meeting of the Board of Directors, 
AIME, Feb. 21, 1956 

During the past four months the committee has had 
personal contact, cutting a wide geographical and tech- 
nical cross section of interests, as well as considerable 
correspondence with many members of the Institute, in 
order to bring together creative and constructive ideas 
on the assignment 

Careful analysis of the Long-Range Plan as it affects 
the inadequacies of certain phases in the present ad 
ministrative organization of the Institute, has empha 
sized the merit of the Plan. The Study Committee be- 
lieves that the Plan can do nothing but strengthen the 
Institute, because the study shows that the basic phil 
osophy of the Plan was to set up the organization of 
the Branches on such a basis, so that more careful 
planning and execution of programs could be effected 
The mere fact that the Branches have been dignified by 
calling them Societies in no way creates three little 
AIME’s within the confines of the major AIME, as some 
uniformed critics might believe 

The Plan provides for more uniformity in the Branch 
structure so that equivalent authority and responsi 


w professional 
Bg e should be American Insti have a representative on the AIME Board, each Society should organize 
Board of Dire This Council it own Executive Committee with 
Petroleum En necrs , would cover all three Societies in the officers and bylaws 
Institute, and all AIME members could om 
This item has been implemented. participate in it, as well as belong to c) This section will be implemented 
The name of the Institute has their own Society upon approval of the new Soci 
been changed to American Insti- b) It has been resolved by this com ety bylaws; however, section 2c 


tute of Mining, Metallurgical and 


Petroleum Engineers 
The abbreviation of AIME should be 


retained 


mittee that 


division, that would 


the activities of 
MIED and MED are of overall 
Institute interest 
are certainly not peculiar to any 


bility can be exercised by the three Branches. The com- 
mittee finds that at the present time the Petroleum 
Branch is fairly well coordinated and able to rational 
ize its problems. This holds true also for the Metals 
Branch to a degree, but the Mining Branch structure as 
defined by the Mining Branch Council bylaws 1s in 
adequate to cope with policy matters that arise. The 
professional divisions of the Mining Branch function 
as independent entities or six little AIME’s within the 
AIME, and perhaps because of necessity, have had to 
assume nontechnical administrative responsibilities 
some at variance one with the other. The admixture of 
administrative with professional responsibility, to 
gether with a certain degree of autonomy, has led to 
confusion and has inhibited progress because of in 
direction. This indirection by the Mining Branch is 
one of the major weaknesses of the AIME. To give 
direction where indirection exists in the largest Branch 
of AIME, can only strengthen the Institute as a whole 

It is of interest to note that the Plan is so logical 
in structure that many of the recommendations have 
already been implemented by common consent of the 
membership. These items will be discussed later on in 
this report 

Whenever the Plan is completely implemented, the 
committee believes that neither the Local Sections nor 
the Technical divisions will be aware of any changes 
so far as their autonomy and structure within their 
technical fields is concerned. However, improvement 
in overall administration and coordination of pro 
fessional interests will be felt at the Branch level 
which will redound to the benefit of the Institute as a 
whole 

Following is a report of the progress of the com 
mittee to date, with quotations (in fine type) from the 
original Long Range Plan 


Subject to the approval of the AIME 


and that they bylaws of the Societies must be 


This item has been implemented. 7 
The abbreviation of AIME has one of the Societies. This sug Directors 

been retained gests that these two groups func 

The symbol should be redesigned by tion in their all-Institute capac 3. Directors 

ity and be sponsible to the whe mar ASME mone 
Gam AIME Board and not to the gov to 53. the honor and 


bers 

This item has been implemented. 
The symbol has been redesigned 
and the new symbol is being 


used on the Institute letterhead committees 


and by the technical journals is felt for these committees, they The Pre ident President Elect, and 
ans den wuld serve as re 
This symbol includes the drill- should continue to function, but tors. Each society should have its own 
ing derrick conversely, no pressure need be Nominating Committee for the elec 
Branches applied to other Divisions to form tion of its Directors, and six addi 

The subdivision of the membership such committees until a need is id ‘ Board Big 
groups should no longer be known as recognized is believed that In the first ear of reorganization 
wy hes but ~1 Societies, and under these existing divisional com two Directors would be elected for 

the following ttles _ 7 . P . three eat two for two years, and 
Mining Engineering Society of the mittees hould be - oordinate d two for one ear thereafter two 
AIME with the existing MIED and MED would be elected each year by each 
notalbuoms al Engineering Society of and that each of the two Insti- Society for three-year terms 

Petroleum Engineering Society of te b) This section will be implemented 
the AIME sented to the ME board by a upon approval of the new Soci 


The Mining Branch and the 
Petroleum Branch Councils are 
favorably inclined to the names, 
Society of Mining Engineers and 
Society of Petroleum Engineers, 
respectively. The Metals Branch 
prefers the name, Metallurgical 
Society of the AIME. It is recom- 
mended that section 2a be imple- 
mented, with these changes, upon 
approval of the Society bylaws 
Eact society should form its own 
committee on education and on eco 
nomics, in accordance with its own 
need These committees would then 

be coordinated by an AIME council, 


“wor 


Council of 
of Directors 
erning body 


designated 
Council 


of the Societies 


erning bodies 
Technical Divi a) This section will be implemented 


Several of the 
sions in the 
have education 
Wherever the need 


Branches 


contact director to be appointed 
by the AIME President, and to 
be appointed 

ine Board.” It is 
recommended 
groups be designated as Divisions 
rather than as Councils, to avoid 
confusion with 


suggested that the title of Board 
reserved for the 


AIME Board and that the gov- 


upon approval of the new Soci 
ety bylaws and will require a re 
vision of the AIME bylaws 


already 
and economics 


ety bylaws and will are are 


. vision of the AIME bylaws 
from the 2l-man Transportation, but not food or hous 
further ng expense, of ar Director to the 
four quarterly Board meetings, should 
that the two be paid by the AIMEF 


c) The committee prefers the word 
the Executive ing suggested by the _ Inter 
Societies. It is Branch Council recommenda 


meeting of the Board of Direc 

tors, AIME, June 20, 1956 
Transportation, but not 

food or housing expenses, 


the Societies be 
the Executive 


should be expanded to include 
the sentence, “Alterations in the 


approved by the AIME Board of 


tions on Long Range Planning as 
published in the agenda for the 
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when requested by the Soci 

ety which the director rep 
resents and approved by the 
Executive committee of 
AIME, shall be paid by the 
AIME 

liowever, the implementation of 
this section will depend upon a 
revision of the AIME bylaws 


The duties of the Board should be to 


estallial the broad policies of the 
LIME. t maint protect the is 
tegrit nd professional standing of 
the members, t pian and be responsi 
ble te the Annual Meeting, to handle 
the joint finances of the various 
“roup md review md approve 
the recor endations of the President 
for me bership on the tanding cor 

tlee The Board should also have 
the power t ipprove or disapprove 
ny changes in the organizational set 
ip or financial policies of the individ 
sal Societies 


The recommendation stated here 
is @ reiteration of the present 
policy and is recognized to be 
beyond the scope of the Socie 
ties. The proposed bylaws of the 
three Societies recognize the 
sovereignty of the AIME 


President 

ach societ should name the Presi 
dent ever third year. The Nominat 
ina Committee of the individual soci 


et from whom the President is to be 
flected should make the nomination 
for that particular fut 


This section will be implemented 
upon approval of the new Soci 
ety bylaws and will require re 
vision of the AIME bylaws 
The President's transportation, but not 
food or housing ex pens hould be 
paid by AIME with an upset limit to 
be determined annually by the Board 
The committee recommends that 
for the sake of consistency with 
Item 3c that section 4b be re 
worded 

The President's transpor 
tation, but not food or hous 
ing expense, when requested 
by the Executive Council of 
the Society he represents, 
and approved by the Execu 
tive Committee of AIME, 
shall be paid by the AIME 


Sections 
As sections over the coming years will 
be influenced more by professional 
than by geographical line each Soci 
et hhould be giver sutherization to 
et up ite own geographical areas and 
te eet ite require 
ments Until changed by the Board 


the minimum requirement for the set 
ting up of at section should continue 
be 25 members 

cal sections can and should be flexi 
bie in their organization and opera 
tion. Some may be organized on a geo 
graphical basis, and some on a pro 
fessional basia It was not the intent 
of the Long Range Planning Commit 
tee to force a reorganization of local 
sections, but to let each section have 
the freedk te organize according to 
the needs and wishes of ite member 
ship The Couneil of Section Dele 
gate may be continued as an all 
Inetitute organization, with ite fun 
thon changed omewhat and some 
organization of section delegates on a 
busis 


The responsibility for the organ 
ization of new Local Sections 
and for the promotion of the 
welfare of the Local Sections is 
recognized as being an All 
Institute function of the utmost 
importance Hence, this responsi 
bility goes beyond the scope of 
the individual Societies. It is 
recommended that the President 
of AIME appoint a committee of 
three from the AIME Board of 
Directors to be called the Com- 
mittee on Section Affairs. This 
committee should include one 


~ 
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member from each of the three 
Societies. For the sake of con- 
tinuity each member of this com- 


mittee should have a tenure of 


three years. To establish a sys- 
tem of rotation, for the first year 
a member from one of the Socie- 
ties should be appointed for a 
one-year term, a member from 
the second Society for a two- 
year term, and a third member 
from the third society for a 
three-year term. Thereafter one 
member would be appointed 
each year as a replacement. Sen- 
ior member in service on com- 
mittee would act as chairman 


Council of Section Delegates 
As the Council has many desirable 
features, the Committee recommends 


that each society should set up its 
own Council of Section Delegates 
whose primary responsibility should 


be to keep the Directors of that par 
ticular society informed. If. however 
a societ does not desire to have its 
own Couneil of Section Delegates, it 
will be under no obligation to do so 
The society should pay the expenses 
of ite own Council 
From considerable discussion and 
correspondence the committee 
has resolved that the activities of 
the Council of Section Delegates 
are of overall Institute interest 
rather than specific Society in- 
terest. To quote Mr. Reinartz 

This Council was origin- 
ally set up to give the 
Board of Directors of AIME 
grass roots’ ideas and opin- 
ions with reference to Insti- 
tute operations and policy 
as well as to receive in- 
formation from the Board of 
Directors with reference to 
Institute policies and activi- 
ties 
The committee recommends that 
the Council of Section Delegates 
be responsible to the AIME 
Board of Directors and that they 
be represented to the Board 
through the Committee on Sec 
tion Affairs. By common consent 
of the chairmen of the three 
Branches, the new bylaws of the 
Societies do not provide for a 
Council of Section Delegates on 
the Society level 
It is recommended that the mem- 
bers of the Committee on Sec- 
tion Affairs be ex-officio mem- 
bers of the Executive Commit 
tee of the Council of Section 
Delegates and that this commit- 
tee of three AIME directors func 
tion as the contact between the 
Council of Section Delegates and 
the AIME Board of Directors. It 
is also recommended that the 
Council of Section Delegates be 
recognized in the revised AIME 
bylaws and that the responsibili- 
ties of the Council be defined 
Regarding the expenses of the 
members of the Council of Sec- 
tion Delegates, the committee 
recommends that the policy here 
be consistent with that stated in 
section 3c and in section 4b. That 
is 

Transportation, but not 
food or Rousing expenses for 
the delegates, re- 
a by the Chairman of 
the Local Section repre- 
sented by the delegate, and 
approved by the Executive 
Committee of AIME, shall 
be paid by the AIME 


~ 


Initiation Fees and Dues 


The Committee recommends that for 
the next three-year period initiation 
fees should be reduced from $20 to 


$10, and the respective Society be re 
funded the $10 


After a review of the Institute 
budget the committee concludes 
that, as desirable as it may seem 
to be, implementation of section 
7a is impossible at the present 
time 

The Committee believes that the dues 

for all three societies should be the 
sarne, and that for the time being at 
least, the $20 fee should be retained 


This section defines the dues as 
they exist today 


The Committee recommends that the 


refund f 50 cents a member should 
be continued but that for the next 
three year while the suggested re 
organization is taking place the re 
fund should not be any greater 


This section defines the policy of 
refunds to the Local Sections as 
it exists today 

The AIME Board should have the 
right to reduce or increase the initi 
ation fees, dues, or rebates ar time 
upon a majority vote of the Board 
members 

This section is beyond the scope 
of the bylaws of the new Socie- 
ties but states the policy as it 
exists today 


Finances 

Each society should have full respon 
sibility for operating at a profit as 
shown by the AIME book After ex 

penses have been met, each societ 

should have authorit to pend all 
surplus funds after 25 percent of such 
surplus funds have been set aside for 


the interests of the AIME as a whole 
This section will be implemented 
upon approval of the new Society 
bylaws and a revision of AIME 
bylaws 

Bylaws 

The AIME By-laws should be re 


written and simplified 

The committee recommends that 
immediate steps be taken to re 
write the AIME bylaws in ac 
cordance with the philosophy of 
the Long-Range plan and with 
the modifications suggested in 
this report 

Meetings 

The Committee recommends to the 


Board that a decided change should 
be made in the Annual Meeting pro 


gram. For example, the number of 
technical sessions should be reduced 
one or more oint sessions of the 
three societies be organized ind 
luncheon meetings be sddressed by 
outstanding speaker on timely sub 
jects of a general nature 


All business should be divorced from 
the Annual Banquet and only top 


swards should be given at that time 
The other awards should be given at 
society or regional dinners or meet 


ings which it is believed will be 
strengthened by the transfer to them 

of some of the technica essions 

The President should make his report 

on State of The Inetitute at an after 
noon session during the Annual Meet 

ing 

The whole of Section 10 is be- 
ing implemented this year at the 
meeting in New Orleans. The 
committee and its correspondents 
are practically unanimous in 
agreement with this philosophy 


In conclusion, this committee 
recommends that the committee 
charged with the revision of the 
AIME bylaws review also the new 
Society bylaws for uniformity or 
consistency in the scope and struc 
ture of the three Societies 


STUDY COMMITTEE FOR 
IMPLEMENTATION OF THE 
LONG RANGE PLAN 


Mitchell, Jr Chairman Mining Branc! 


— 
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T. Frick Petroleum Branch 
N._ A. Darcey. Jr Council of Section Delegates 
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Small Melting Furnace Simulates 


Industrial Conditions 


by B. M. Larsen 


Fig. 1—Side view showing tilting and counterweight arrange 
ment 


Design Reproduces Conditions of Basic Open Hearth 
And Electric Furnaces 


HE purpose of this furnace design is to produce 
conditions in which flame radiation comes from 
above the bath. An electric are is put in place of the 
flame as a small radiation source, thereby avoiding 
the requirement of preheated air. The 
effect of the carbon arc is not very different from 
that of the flame zone. Movable brackets and a tilt- 
ing arrangement for the electrode holders allow the 
are to be projected directly on the bath surface o1 
to move it up 8 to 10 in. when desired to minimize 
are reducing effect on the bath surface 
Electrodes of 2'42-in. diam make it possible to 
overpower up to around 60 to 65 kw at moderate arc 
voltages, overcoming inherent handicaps of inter- 
mittent operation under laboratory conditions. For 


reducing 


drying or preheating the furnace, a long carborun- 
dum Globar unit can be substituted for the graphite 
The power supply is a 75 kva air-cooled 
transformer with variable taps and an air-cooled 
variable inductance. By using 110 or 220 v primary 
input, delivered voltage can vary from 40 to 140 v 
to meet a variety of furnace applications 


electrode 


The furnace is arranged to be tilted about an axi 
through the point at which the tap stream leaves the 
edge of the spout, Fig. 1. This was very helpful in 
handling the ladle, for it may rest on 
neath the tream shift 
the tapping period. It proved desirable to ease the 
load on the electric hoist by providing a counter- 
weight shown in Fig. 1. Manual adjustment of the 
electrodes by a handwheel has proved quite satis- 
factory. The roof rests in place on top of the side- 
wall brickwork, sealed by a layer of chrome ore. It 
is fitted with four hooks and easily lifted off by the 
l-ton electric hoist 


upports be- 


pout, as the little during 


B. M. LARSEN is Assistant Director of Metallurgical Processes at 
U. S. Steel Corp.'s Fundamental Research Laboratory, Monroeville, 
Pa 


Fig. 2—Detail view of furnace lining and brickwork 


Main Considerations are Simplicity and 
Provision for Insulation 
hell i 
appropriately braced 
the cross-sections of Fig. 2 
normally used for continuous operation 


made with 's-in. steel plate, 
Lining detail is indicated in 
Such a furnace is not 
o the brick 


ubject to heavy wear by erosion, Lin- 


The furnace 


lining is not 
ing should be thin, since at best its heat capacity i: 
somewhat than 1 Shape 
of the hearth and banks look out of proportion, but 
this is essential in a small furnace. Bath depth 
should not be less than 8 to 10 in. so that exposed 
urface area is not out of proportion with larger 


large! really desirable 


operations. Otherwise, at temperatures of 28600" to 
3000 F, will be too rapid for 
close control of composition; therefore, the banks 
must be steep, necessitating a rammed hearth lining 
With high-magnesia ramming mix, slag tends to 
build up to around 15 pet MgO, which i 
able even though bank erosion may not be exces- 


interaction with ga 


objection- 
ive. To reproduce the conditions of commercial re- 
fining, a 
dolomite ha 
normal hearth range in MgO 


pecial mix containing a large proportion of 


been used, yielding slags close to the 


Applicability 


This unit has been used on small-scale research 
problems for melts of 
iron. For example, basic iron melt 


with oxygen to determine limits on 


teel or liquid blast furnace 
have been blown 
ilicon removal 
under a 


with maximum retention of 


basic slag. Limits on 


manganese 
teel refining relative to reten 
tion of residual manganese and phosphorus content 
have also been explored. Carbon boil conditions ap- 
proaching those in an open hearth are obtained, and 
it ha 


ucce 


been possible to control carbon content quite 
fully. Useful information ha 


on behavior of hearth and brick refractory material 


been collected 
Experience on this furnace indicates that any of 
the operations conducted in large scale steel refining 
either electric arc or open hearth, can be approxi- 


mately reproduced 
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of the metallurgical flow sheet. 


Condensed from an Article 


by |. L. Barker 


Copper Smelter moves to straight concentrate 
operation; matte stepped up from 16 to 25 pct Cu 


Some 35,000 tons of new material per month is 
ed through twelve Wedge roasters, two re- 
to produce 3,000 


pro 
verberatories, and six converte! 
tons of copper bullion, most of which is cast into 
anodes for the local refinery 

With the gradual change from direct smelting ore 
to concentrates with a lower sulfur content, it has 
been found necessary to use more extraneous fuel on 
the roasters. Likewise, the old Oroya practice of 
very low copper content of the matte at 16 pct has 
changed, so that matte containing 25 pet Cu is usual 

Experiments with CrNi_ alloy 
rabble blades on the copper roast- 
ers show great promise. In spite of 
higher dollar cost of these import- 
ed blades over those cast locally, 
the cost per ton of calcine will be 
substantially lower, due to the 
longer life of the alloy 

A startling improvement, both in 
smelting rate and fuel ratio, has 
been achieved on the reverbera- 
tories by the replacement of the 
using 15 Ib air 
using 2 lb air 


former oil burners 
with Hauck burners 
A direct comparison has shown that, 
with the low pressure burners, the 
smelting rate rose to 131 pet of 
that with the high pressure air, 
while the equivalent fuel consumed 
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It has been more than ten years since a detailed review' of the operations of the Cerro 
de Pasco Corp. in Peru was published, and it may now be of interest to present a summary 
of the most recent developments. 

Cerro de Pasco’s Peruvian properties are largely located on the eastern slope of the 
Andes in central Peru, see map page 1062. These operations, which employ some 19,400 
persons, comprise five major metal mines, two coal mines, four flotation concentrators, one 
coal washery, one center at which all smelting and refining is done, two standard gage 
railroads, and five hydroelectric plants. Smelting and refining facilities are located at La 
Oroya at an elevation of 12,200 ft. The magnitude of its operation and its expansion dur- 
ing recent years may be gaged by the 1952 and 1955 metal production figures shown on 


The most outstanding features of the past 20 years have been the variety of its ores, 
the difficult separations necessary in selective milling, and the ever-increasing complexity 


Complex Metallurgy by 


by the low pressure burners was lowered to 77 pct 
of that previously used. It is unfortunately true 
that furnace roof repairs have been increased by the 
use of the more efficient burners, but it is hoped that 
this may be overcome by some change in burner lo- 
cation, by a better grade of refractory brick at this 
point, or even by raising the height of the furnace 
roof in the section directly in front of the burners. 

Another recent change on the reverberatories is 
the replacement of the cast iron slag and matte 
from refined copper. 
ervice and, when new 


launders with those made 
These give much improved 
units are necessary, the salvage value of the cop- 
per is still high 
During the past year, an auto- 
matic sampler for the granulated 
reverberatory slag has been de- 
veloped by the operators It 
consists of a section of iron pipe 
which slides at right angles across 
the entire width of the slag 
canal and is withdrawn by a timing 
device. This permits the cycle of 
taking the sample to be varied as 
found necessary. A narrow slot in 
the pipe facing upstream in the 
slurry of granulated slag and water 
collects the sample which runs 
through the pipe by force of the 
current. It is collected in a locked 
which the slag 
while the water 
predetermined 


container in 
settles rapidly 
overflows Any 


2 
ail 


erro de Pasco 


quantity of sample may be collected over a 24-hr o1 
other suitable period. This device is much more 
rugged than the usual design of automatic samplet 


Copper Converters cast anodes directly without 
fire refining 

In the converter numerous small im- 
provements have aided efficiency of the process. The 
volume of air being blown into each converter is 
recorded on flow meter charts in the smelter office 
and also directly beside the converter itself. Proper 
punching of the tuyeres has resulted from this in- 
stallation. Equipment for weighing the silica flux to 
each converter has been installed, and the total 
quantity fed to each converter is always available 
A special slurry known as PM Release is being used 
on the inside of matte pots and slag ladles, because 
of its action in limiting the rapid build-up of skull 
as well as increasing service life. The use of 
Chromex B refractory brick instead of dead burned 
magnesite at the converter tuyere zone has length- 
between repairs and relining 


section 


ened the period 

As another unusual feature of the Oroya copper 
smelting, crude copper from the converters is passed 
through a simple holding furnace and cast directly 
into anodes for the refinery. No attempt is made to 
refine the metal by blowing, poling, or otherwise to 
improve the set by reducing the oxygen and sulfur 
contents 

1. L. BARKER is General Superintendent of Smelting & Refining, 


Cerro de Pasco Corp, La Oroya, Peru. This paper in its original 
form was presented at the New York meeting, February 1956 


Recent increase in the tonnage of copper bullion 
produced by the smelter has resulted in an excess 
over the 5.4 million Ib monthly requirements of the 
Oroya electrolytic refinery. This additional metal is 
exported for refining elsewhere 

Anode returned to the 
melter and remelted in the converters. While this 
practice is, economical in the use of fuel, 
other factor small reverberatory 
furnace for this purpose may be more desirable 


crap from the refinery | 


of course, 
indicate that a 


Copper Refinery uses wide spacing and high 
cell voltage 

The Oroya copper refinery, because of fuel oil 
anodes cast directly from converte! 


weigh about 600 lb and are ad- 


costs, refine 
metal. These anode 
mittedly poor castings, requiring 7-in 


in the refining cell 


pacing, cen- 
ter to center to achieve a good 


current efficiency. However, a wide spacing is also 
essential to maintain a normal cathode purity with 
aying 150 oz per ton of Ag, 1.3 0z per 
ton of Au, 0.35 pet Pb, 0.10 pet As, and 0.40 pet Sb 
The high cell voltage of about 0.5 volts is tolerated 
because of the relative cost of hydroelectric power 


aved through by- 


the anodes a 


versus the expensive fuel oil 
passing fire refining. The fact that these high im 
have been observed to become pa 

high as 6 volts, if 
et with low oxygen 


purity anode 
ive and create cell voltages a 
they have been refined to a flat 


Metal Production of Cerro de Pasco Operations in 
Peru, 1952 and 1955 


Table | 


- =" 6 = 
1955 
Refined Coppe b 47.1 617 are 
Blister Copper,’ b a8 
Refined Lead b 107.2 134.1 
Electrolytic Zine, million Ib 110 28 
Refined B it thou i ib 707 9 740 
Ant Met thousand ib 226 0 625.0 
Refined Cad thou d ib 06 07 
Refined ‘ 47 112 
Kefined Gold, thou 6.0 45 
* Blister coppe produced in exce of refining capacit 5a ne 
for export, carrie er and gold 
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content and high density, is yet another reason for 
this unique metallurgy 

A further adaption of operation conditions to suit 
anode limitations is the system of taking three crops 
of cathodes from each anode, with the respective 
being under current for 7, 8, and 9 day uc- 
when the anode is thicker, a thinner 
made; when the anode has been further 
third set of cathodes is allowed to 
grow heavier with two more days of deposition. A 
definite improvement in current efficiency, reaching 
as high as 95 pet has been obtained by this schedule 

Likewise, starting sheets are deposited from com- 
mercial electrolyte without 
odes for these cells. However, these sheets are made 
only from the first 15 days of the anode’s life, after 
which the starting sheet section is moved to a cell 
block containing new anodes. Sheets made by this 
method are perfectly satisfactory 


crop 
cessively. Thus, 
cathode | 
corroded, the 


casting any special an- 


Interior of the Huaymanta copper refinery located near the 
La Oroya smelter 


Only a very few cells with insoluble anodes are 
used to maintain the copper content of the electro- 
lyte at its optimum concentration of 40 gpl; the prin- 
cipal means of control of copper, as well as impuri- 
ties, is the draw off of electrolyte for the manufac- 
ulfate, which is an essential reagent 
Copper sulfate is prepared by the 
of neutralization of most of the 
acid by scrap copper, resulting 
olution to a high concentration, and final vacuum 
product. After passing through 
barren liquor is 


ture of coppet 

in zine flotation 
conventional proce 
evaporation of the 


crystallization of the 
a tank containing scrap iron, the 
discarded, An abnormally low acid concentration, 
such as 115 gpl of H.SO,, is an asset in keeping the 
cathode impurities low; here again, 
sacrificed 

Most refined copper is sold in the form of sheared 
cathodes, when market conditions are favorable. A 
2500 kw Lectromelt furnace was installed in the re- 
eldom used, as it is somewhat large for 
economics of casting shapes 
hearing scrap 


some power is 


finery but i 
the purpose, and the 
have never been too attractive. The 
is melted in an oil-fired cylindrical furnace and cast 
into ingot bars for shipment. In spite of the handi- 
cap imposed by the high impurity anodes of poor 
physical quality, electrical conductivity determina- 
tions on all lots of cathode metal are consistently in 
excess of 101 pet 

The d-c power for the 13 blocks of 32 cells, each 
upplied by two G.E. Ignitron mercury 
are rectifiers connected in parallel. These units have 
a rated capacity of 3000 amperes each at 400 volts 


in serie Is 
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but have operated as a pair over long periods at 7200 
s and 380 volts. The electrolytic cells of both 
the copper refinery and the lead refinery are in 
series on the same rectifier circuit. The buildings for 
these two operations are adjacent with a common 
wall separating them; no difficulties have occurred 
due to this close proximity. While such an arrange- 
ment lacks electrical flexibility, its advantages of a 
smaller capital investment, economy of equipment 
and the shipment of both refined cop- 
same point are definite 


ampere 


and services, 
per and refined lead from the 


assets 


Anode Slimes from Copper and Lead Refineries 
treated in same unit 

The slimes from the corroded anodes of both the 
copper and lead refineries, after drying, weighing, 
and sampling, are mixed and treated together for 
the recovery of bismuth, silver and gold. As by- 
products of this series of treatments, antimony, se- 
lenium, and tellurium, as well as copper and lead, 
are recovered 

Briefly, this operation consists of melting the slimes 
in reverberatory furnaces to form a bullion and a 
lead slag and then blowing this bullion in convert- 
ers to remove arsenic and antimony as fume, and to 
remove lead as slag, leaving a metal containing prin- 
cipally bismuth, silver, and gold. This metal is then 
cupeled to form a bismuth slag and dore metal; the 
doré is electrolytically refined, while the slag is re- 
duced to crude metallic bismuth, which is refined by 
a series of kettle treatments to a product of high 
purity 

While the dusts from the converters and cupels 
are collected in baghouses, the acid retained in the 
slimes necessitates a small cottrell to be used on the 
reverberatories. The converter fume is the source of 
antimony, the cupel fume the principal source of se- 
lenium, and the final cupel slags, together with some 
kettle drosses, are the principal tellurium bearing 
materials 


World's largest Bismuth Refinery produces 
five-9’s metal 

The refining of bismuth is somewhat unusual; the 
crude metal, reduced from the cupel slags, is melted 
and first treated with caustic soda to remove tel- 
lurium; it is next cooled and a copper dross taken 
off. After transference to another kettle, zinc Is 
added to collect silver and gold; usually two zinc 
treatments are necessary In a third kettle, 
chlorine gas is passed through the metal to 


Reinberg Cells used for electrolytic separation of Au from 
Ag in the doré 


+ im, 
> = pk, * 


remove lead and zinc as chlorides. In the following 
kettle, the dissolved bismuth chloride is removed 
from the metal by the passage of air. After a final 
treatment with caustic soda to clean up the metal, it 
is cast by hand from the fifth kettle into 10-lb bars 
Refined bismuth is the purest of all Oroya products 
and contains close to 99.999 pct Bi 

Other products of the slimes treatment plant are 
a bullion containing 60 pct Bi and 40 pet Pb and a 
eutectic alloy of 55.5 pet Bi and 44.5 pct Pb, melting 
at 255 °F, which was developed locally and is known 
as Cerro Base. Another of the numerous low-melting 
alloys is Cerrolow, a eutectic of bismuth, lead, tin, 
cadmium, and indium which has a melting point of 
117 °F 


High Silver Output from Doré Refining 

The doré is refined in cells with vertical electrodes 
connected in multiple. A silver nitrate electrolyte 
containing a high concentration of tartaric acid is 
used to promote the deposition of silver crystals that 
adhere to the aluminum cathodes, The doré anodes 
are enclosed in paper bags to collect the gold slime 
Anode scrap is parted in Thum cells, and considera- 
tion is being given to replacing the present silver 
refining cells with the conventional Thum design 
Power is supplied by selenium rectifiers. The silver 
crystals, after stripping from the sheets, are melted 
in a small oil fired furnace in which they are given 
a niter treatment for further removal of bismuth 
and other impurities. Rough bars are cast from this 
furnace and then remelted in a high frequency elec- 
tric crucible furnace from which the final 1000 
ounce bars of 999.85 fineness are poured. In order to 
allow time for the escape of oxygen and other gases 
dissolved in the metal, the surface of the final bars 
is kept molten by a blow torch while the interior 
olidific a much more attractive casting is thus 
produced 

Gold slime i 
washing, and melting down unde 
assaying 997 fine 


purified by boiling in sulfuric acid, 
fluxes to bar 


Lead Smelter expanding to 180 million Ib 
capacity 

HE feed to the lead smelting circuit consists of 

about 12,000 tons per month of new material, plus 
4000 tons of roasted cottrell dusts and other inter- 
mediates, and 2000 tons of fluxe Thi 
treated in ten straight line sinter machines, two 
blast furnaces (plus one as a spare), and eight re- 
fining kettles from which some 6000 ton 
are cast for the electrolytic refinery 
smelted in a separate furnace by 


mixture } 


of anode 


Copper dross wa 
the usual Fleming process, but a newly designed 
plant for this purpo%e is now being built. In the 
meantime, the copper dross is being returned to the 
blast furnaces where the copper is matted and trans- 
ferred molten to the nearby copper converte! 

A new sinter plant is now being designed, incor- 
porating modern practice for better mixing and siz- 
ing of the feed, as well as several 6-ft by 40-ft sinter 
machines. This will meet the medium term goal of 
180 million lb of lead annually with the ultimate 
expectation of producing up to 240 million 

Few new ideas have been incorporated in the 
present lead smelter, but close attention to operat- 
ing details has raised the smelting rate by 50 pet 
Oil-fired igniters using 


locally de- 


over the past few years 
Hauck low pressure burners in a new, 
signed muffle have made a distinct improvement in 
the sinter plant; more uniform ignition, economy of 


fuel, and less trouble with the draft fans have re- 
sulted. A new type of self-cleaning grate bar has 
replaced the originals in the Dwight-Lloyd sinter 


machines 

It has been possible to raise the air pressure on 
the lead blast furnaces by using motor driven 
blowers instead of the former steam operated Roots 
blowers. Pressures up to 38 oz are now customary 
and recording pressure gages at the furnace verify 
that this is maintained. It should be noted that, at 
the atmospheric pressure at Oroya of 19.5 in. of 
mercury, much larger volumes of air must be used 
for all purposes that demand a specified weight; 
thus, all blowing equipment is far larger than would 
normally be installed 

Eight welded steel kettles of 70-ton and 120-ton 
capacity are used to partially refine the lead bullion 
by removing copper and tin. Carbofrax bricks are 
used in parts of the kettle settings with good suc- 
cess. Lead bullion, still containing arsenic, antimony, 
bismuth, silver, and gold and assaying 96 pct Pb, is 
cast into anodes for electrolytic refining on a wheel 
type casting machine. The molds are filled by a 
scoop arrangement which rotates in step with the 
wheel itself and can be adjusted to pour just suffi- 
cient metal to give an anode the proper thickness 


Coke prepared from local coals in 
Curran-Knowles ovens 

Coke for the blast furnace smelting is prepared 
from washed coal in ten Curran-Knowles sole flue 
ovens. This design of oven is heated by the gases 
from the coking process through flues under the 
oven floor and makes a horizontal bed of coke about 
10 in. thick. This is in contrast to the usual slot oven 
where heat 1 


applied to the walls. For the relatively 


Curran-Knowles sole flue ovens are used to prepare coke for 
the lead blast furnace 


mall production of 75 tons of coke per day, this 
required much lower capital in- 
The tar and exce gas from the coke 
fuel in various roasters and fur- 
mall to warrant fur 
now 13.3 hr, and 


battery of oven 
vestment 
plant are burned a 
naces, as the production is too 
ther processing. The coking cycle | 
12 hr is an absolute minimum 


Lead Refinery uses modified Betts process 

electrolytically, with a 
adapted to the 
impure bullion containing 


Refining of lead is done 


modified local 


proce 
conditions of relatively 
ilver and only ome 


howeve! 


antimony, bismuth, and 
96 pet Pb. The resulting refined metal 
has a lead content of 99.996 pct. Thi 
has been described in detail in the 


operation 
literature 
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Hydrofluosilicie acid, necessary for make-up elec- 
trolyte, is manufactured at Oroya from fluorspar, 
sulfuric acid, and silica rock in a locally designed 
rotating drum type of furnace which has given ex- 
cellent conversions of the raw materials into the de- 
sired product. Lead, which has a tendency to build 
up in the electrolyte, is controlled by a cell using 
graphite rods as anodes. Cathode lead is produced 
as usual, and the lead peroxide, which deposits on 
the anode, is effective in removing certain of the 
electrolyte impurities 

The de power for the ten lead refining blocks of 
32 cells, each in series, is supplied by the same 
rectifier circuit as is the copper refinery. At 7,200 
amperes some 150 volts of the total rectifier capacity 
are necessary for eight lead blocks, while 230 volts 
are needed for the thirteen copper blocks. Two 

serine pet Tend entimeny, additional lead blocks are available as spares and 


bismuth, and silver 
for increased output 


and eed not be elaborated « ere 
wont © elaborated on here. in brief, th Zinc refined by both electrothermic and 


novelty consists of limiting the corrosion period of ; : 

the anode © that the voltage drop, which builds up electrolytic techniques 

across the adhering slime blanket, does not exceed a Although the present production of zinc is still by 
far the smallest of the three principal metals, it 


certain critical value above which impurities dis- 
olve from the slime blanket and codeposit with the should exceed that of copper by 1957 and approach 
1960. Cerro de Pasco’s resources of 


lead. With present anodes and current density, this that of lead by 
period is four day one cathode is made from each zine are, no doubt, its largest single asset 

anode. Returned scrap is high at 45 pet of the anode The operation of an electrolytic pilot plant for a 
weight, but this can be tolerated with a low melting number of years proved that the marmatitic zinc 


point metal such as lead. The other 
important feature, which enabled 
the proce to prove economically 
ound, was the succe with which a -** GOYLULARISQUIZGA 


counter current washing of the 
slimes, while in place on the anode 

urface, was able to recover the A 
costly hydrofluosilicie acid of the CERRO DE Pasco | 
entrained electrolyte. Washing with 
water precipitated insoluble fluorin 
compounds in the slimes, thus cau 
ing high losses of fluosilicic acid from 
the system. The counter current de- 
vice, starting with electrolyte, which 
becomes increasingly dilute, and fin- 
ishing with make-up water, solved 
the problem 


» 
* 


Originally, the washed slimes 
MALPASO 


were hand scraped from the scrap 
anodes, but in recent years the 
slimes have been removed by means 
of water sprays operating at 1500 Ib ‘ 7 4 
pressure MorococHa 
Starting sheets are cast by pour- 
ing the metal from a tilting trough 
of suitable size over an inclined steel 
plate. The thin sheet of lead, which 
results, has two flaps which must be 
looped over the copper cro bar for 
uspension in the electrolytic cells 
The simple expedient of pouring a 
splash of molten lead over the end of 
the flap, as it was pressed to the 
heet, makes an effective seal 
Cathodes are melted, drossed, and f 
cast on a straight line machine em- - . YAURICOCHA 
ploying a metering scoop similar to : i ; 
that used for casting anode The a 


high purity lead has a blue appear 
ance instead of the crystalline sur- 
face presented by metal of lesser 


grade 
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concentrates from the Cerro de Pasco mine and con- 
centrator could be treated successfully by this proc- 
ess. An electrolytic plant designed for 35 tons of 
metal per day is now producing 45 tons and an ad- 
ditional 45 tons of capacity is being put into service 
The refined metal cast averages 99.996 pct Zn, and 
the entire output exceeds the specifications for Spe- 
cial High Grade 

Cerro de Pasco also has facilities at Oroya for 
the pelletizing and roasting of zinc concentrates and 
the electrothermic smelting of roasted concentrates 
to Prime Western metal in two electric are furnaces 
Production from the first of these furnaces started 
about two years ago. 

The electrolytic process is the conventional one of 
roasting the concentrates in Wedge roasters, leach- 
ing and neutralizing to a pH of 5.0, filtering the large 
volume of iron residue in Burt filters, purifying with 
zine dust, electrolyzing at a current density of about 
65 amperes per sq ft, and melting the cathodes in 
low frequency induction furnaces to standard slabs 

Numerous technical details of the process are of 
interest. Because of the success with the fluid bed 
roasting of pellets, originally intended only for the 
electrothermic plant, it was decided to utilize this 
type of roaster for the present electrolytic plant ex- 
tension and probably even for a larger electrolytic 
plant. Grinding of the calcine will probably be re- 
quired, but the saving in roasting costs will rende 
it worth while. Transportation of the calcine to the 
leaching section in the new extension will be by 
Redler conveyors instead of by the former pumping 
system, which has not been too efficient 

Filtering time has been greatly reduced by the 
addition of Separan 2610, a Dow product, which is 
, and also by 

ynthetic, in 


most effective in flocculating the solid 
the use of Stantex filter cloth, a dynel 
place of the usual Palmatwill. The dynel material, 
moreover, gives longer service per dollar of cost 


A single stage purification of the solution is suffi- 
cient and, during recent months, has heen accom- 
plished without the usual zine dust. Solutions of 
satisfactory purity have consistently been obtained 
by the use of the far more economical fine material 
screened from the furnace dross and by scrubbet 
blue powder, a byproduct of the electrothermi 
furnaces. However, further work has indicated that 
an extremely fine metallic powder produced by 
rapidly chilling zinc vapor will give a much higher 
concentration of cadmium in the purification cake 
More efficient cadmium recovery at lower cost may 
thus dictate the use of thi 


tion of zinc plant solution 


reagent in the purifica- 


In the tankhouse, polyethylene tubing does a good 
Cathode 
sheets are of unpolished aluminum and are not con- 
ditioned before their use in the cells. Minute quanti- 
ties of barium hydroxide prevent the deposition of 
lead on the cathode and aid appreciably in the pro- 
duction of high purity zinc. As in the copper and 
lead refineries, the dc power for the zinc electrolysi 
is supplied by two Westinghouse mercury arc rec- 
tifiers connected in parallel, and together operating 


at a maximum of 12,500 amperes and 570 volts, con- 


job as spacer between cathode and anode 


iderably more than rated capacity 
The universally used ammonium chloride during 
been dispensed with 

melting 


melting of zinc cathodes ha 


in Oroya at no acrifice in efficiency 


Aside from 
the elimination of the chloride ion permits the 


aving the cost of thi chemical, 


return of the dross directly to the leaching and 
purification circuits without further treatment. Dur- 
ing the recent casting of long, deep, zine bars, to be 
used as anodes in galvanizing, a very low shrink- 
age set was obtained until, by the novel expedient 
of covering the freshly frozen surface with zinc dust, 
the trouble was overcome and a satisfactory set 
resulted 


Cottrell system at La Oroya one of largest 

The central cottrell 
in parallel, each with three sections in series. It 
treats the gases from the copper converters, the 
sinter plant, the lead blast furnaces, and retreats 
the copper reverberatory gases a second time. The 
arsenic cottrell has five units in parallel, each with 
three 
arsenic dust from the copper roasters after the gas 
has been treated in pipe type hot cottrells above 
each individual roaster. The reverberatory hot cot- 
trell has four units in parallel, again each with 
three sections in The electrolytic zine plant 
and the electrothermic zinc plant each has its own 
small cottrell, the latter being of Buell design. The 
reverberatories in the slimes treatment plant also 
have their separate unit. With the exceptions noted 
above, all are of the rod curtain type. The cottrell 
dusts and that collected in the flues total some 200 
tpd, and the overall precipitation efficiency is about 
94 pet. Proper conditioning of the gases with sul- 
furic acid vapor is an important factor in obtaining 
All this dust, of course, is retreated, 
values are eventually returned to 


consists of 21 units 


ections in series; it precipitates high 


series 


good recoverie 
and most of it 
the lead smelting circuit 

Smoke density metet 
equipment installed on the stack and at various 
ystem collect round the 


and automatic dust testing 


other points in the flue 
clock data, thus providing useful information on 
the effectiveness of the cottrell operation 

All gases after cottrelling pass to the atmosphere 
through a single reinforced concrete stack, which 
rises 550 ft above the ground; while not the tallest, 
it is certainly the highest in the world. The volume 
of gas issuing from the stack is some 2.3 billion cu ft 
per day 


Treatment of complex ores offers wide field 
for production of numerous byproducts 


Cadmium, recovered primarily from the zine plant 
operations, is also present in the fume from the lead 
blast furnaces. Indium and thallium originate in zine 
and lead concentrates, while selenium and tellurium 
occur in the slimes from both the copper and lead 
refineries. Tin is concentrated in the tin dross from 
the lead kettles before the bullion is cast into 
With the exception of cadmium, none of the 
present in precisely de- 


anode 
other metals mentioned | 
terminable quantities in any of the ores or concen- 
trate 
are separated by the chemical reactions of the prin 


cipal processe At some convenient point, an inter- 


but they gradually become noticeable as they 


mediate material is removed from the main line and 
extracted by devious means 
probably the most 


creating unusual atten- 


the valuable substance 
Of the item 


plentiful, while 


hown, cadmium } 
elenium 


tion because of its rapidly increasing demand 


Antimony metal is recovered from the converter 
dusts of the anode slimes treatment. Arsenic in the 
dust is volatilized by roasting with sulfuric acid 
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which fixes the antimony and prevents its fuming 
The resulting calcine is mixed with soda ash and a 
limited amount of coal and melted in a small fur- 
The product is a bullion carrying high con- 
centrations of bismuth, and lead, while the 
unreduced and remains as a soda slag 


nace 
ilver, 
antimony |! 
Thi 
additional coal 


econd furnace to which 
added for a total reduction to crude 
antimony containing 95 pct Sb. This is blended with 
refined lead to produce antimonial lead 


lag is transferred to a 


Copperized lead containing .04 to .08 pet Cu and 
tellurium lead with .025 pct Te are other product 
of the lead refinery. A mill 
heet lead for local sale 


rolling manufacture: 


Fine silver is alloyed with 7.5 pet Cu to make 
sterling to supply the requirements of the local fab- 
ricators whose silverware is one of the great tourist 


attractions of Peru 

With the majority of the feed to the Oroya plant 
sulfide ores or concentrates, the potential capacity 
for the production of sulfurie acid is perhaps 1,700 
tpd, but, unfortunately, the local market for this 
material is small. The Oroya production of 45 tpd 
is made by the contact utilizing sulfur 
and about half of 


consumed by Corp. requirements 


proce 
dioxide from the copper roasters, 
the output i 


Calcium arsenate, an insecticide especially effec- 
tive against the boll weevil, i 
meet the needs of the Peruvian cotton growers. A 
lurry of burned lime and arsenic trioxide is 
verted by the 


prepared in Oroya to 


cone 
of an oxidizing roast to 
This crude material is treated 
sulfate and 


novel mean 
calcium pyroarsenate 
with dilute sulfuric acid; the calcium 
are filtered off; and the pure solution of 
arsenic acid is retained. A second precipitation of 
made by the addition of milk 


impuritie 


calcium arsenate 


of lime under carefully controlled conditions to 
produce a chemical which, when dried, will meet 
tringent specifications for active ingredients, pro- 


tection against burning of foliage, fineness, 
parent density 


and ap- 


Copper sulfate and zine sulfate, both concentrator 


reagents, are made in the respective refineries 
in little demand but is 
from the 


ociated 


Arsenic trioxide | 
in order to remove it 


processed 

melting circuit, to 
with it in the dust 
from the arsenic cottrell, and for some local sales 


recover the values as 


Services 
There are four laboratories in Oroya 
attends to all the 


The general 


laboratory routine work of the 


melter and refineries. The second large laboratory 
is operated by the Research Dept. and, in addition 
to the work connected directly with this depart- 


ment, is assigned 
which necessitate equipment, experi- 
and trained staff that are not available else- 

Refined metals are analyzed by means of a 
Littrow type, prism spectrograph, 
installed in it air conditioned building in 1940 
It ha invaluable for the determination of 
the minute quantities of impurities ranging in the 
thousandths, and ten-thousandths, of 
well as for innumerable qualitative examinations, 
impossible of other 
These have turned up some extremely 
information.” A polarograph is 
instrument, which is 
and a second spectrograph i: 


special analyses of a non-routine 
nature may 
ence 

where 
Hilger large 
own 


proved 
percents as 
achievement by any means 
interesting 
another important 
used in this work 
now being purchased 


frequently 
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The fourth laboratory is located at the by-product 
coke plant and is equipped for the analyses of fuels, 
gases, materials, and thermal determina- 
tions 


organic 


The shops are under the supervision of the Engi- 
neering Dept. and are unusually well supplied with 
machinery able to deal with any repair work that 
may arise in the plant; in the Andes one must be 
self-sufficient 

Power is generated largely by the hydro plants 
and carried to Oroya by high voltage transmission 
lines. However, a power distribution station and 
compressor house is situated inside the plant. Two 
direct fired and six waste heat boilers supply steam 
for two turbo generators furnishing auxiliary elec- 
tric power and for several standby blowing engines, 
which can maintain air on the converters and blast 
furnaces should the motor driven centrifugal blow- 
ers fail 


Summary 


From all of the above briefly mentioned activi- 
ties, it is evident that Cerro de Pasco’s claim to 
being perhaps the most diversified non-ferrous 
metallurgical operation in the world is well founded. 
Many plants can be named which produce two of 
the major non-ferrous metals: copper, lead, and 
zinc, along with the usual minor metals and by- 
However, Cerro’s output of appreciable 
tonnages of all three makes it unique. Moreover, it 
is generally known that it is the No. 1 refiner of 
bismuth in the world but less readily recognized as 
the No. 2 producer of silver from any one combined 
smelter and refinery.” Only Consolidated Mining & 
Smelting Co. at Trail exceeds Oroya in this respect. 


products 


Kefined Chemical Metal Products and 
Metals Products Miscellaneous 
Copper Sulfuric Acid Blister Coppe 

Lead Calcium Arsenate Antimonial Lead 
Zine Copper Sulfate Coppe ed Lead 
Bismuth Zine Sulfate Te r Lead 
Silver Thallium Bichromate Lead-Bismuth Alloy 
Gold Arsenic Trioxide Lead-Tin All 
Cadmium Oxveen Gas Sheet Lead 
Seleniun Crude Antimony 

Te irium Sterling Silver 
Indium 

Thallium 


It is obvious that, to produce Oroya’s 27 products 
efficiently, many intricate metallurgical and chem- 
combined with close technical control 
and resourceful plant operation, are essential. Al- 
most all of the values contained in the original ores 
are recovered; only those in the reverberatory and 
blast furnace slags, those in the dust 
cottrells, and the large amount of unused sulfur in 
the gases escape being converted into cash. As in 


ical processes, 


passing the 


the meat packing industry, we endeavor to “get 
everything but the squeal.” 
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Based on an Article 


CCURRENCES of South African uranium have 
been known qualitatively for over twenty years, 
but no account was taken of them because of their 
low grade. In 1945, known uranium deposits were 
few, but their grades were 20 to 100 times higher 
than South African ores. Viewed in this light, the 
exploitation of South Africa’s uranium is revolution- 
ary indeed 

When the investigation was started, analytical 
procedures were not available for the low grade ores 
and for the varieties of products which were to be 
made during testing. As a result, the effort devoted 
to analysis was commensurate with that for metal- 
lurgical experimentation, so that development of 
analytical procedures together with analyses of ores 
and test products accounted for about half of the 
total cost of the project 


Early Experiments 

Preliminary fractionating experiments with the 
high grade ore showed that uranium is found in 
both a high and a low gravity fraction, Table I. The 
principal uranium minerals are uraninite and pitch- 
blende, which may occur in particles of 20 microns 
or larger, but generally are found in much greate1 
ubdivision, down to submicron size, dispersed in a 
hydrocarbon mineral called thucholite. Gold is often 


A. M. GAUDIN is Richards Professor of Mineral Engineering, 
Massachusetts Institute of Technology, Cambridge Mass; R 
SCHUHMANN, JR. is Professor of Metallurgical Engineering, 
Purdue University, Lafayette, Ind; and J. DASHER is Process Re 
search Supervisor, Crucible Steel Co., Pittsburgh, Pa. Paper was 
presented at the AIME Annual Meeting in New York, February, 
1956 


by A. M. Gaudin, R. Schuhmann, Jr., and J. Dasher 


ae 


= 


© Between 1946 and 1951, an extensive project 
was carried out in the U. S., the United Kingdom 
and South Africa, for the purpose of developing 
a process for the extraction of uranium from the 
uranium bearing gold ores of the Witwatersrand. 
As facilities and personnel were more readily 
available in America, the bulk of the effort was 
carried out at the Massachusetts Institute of 
Technology. The importance of the project is 
evidenced by the fact that Jan Christian Smuts, 
then Prime Minister of South Africa, took a per- 
sonal interest in the work, and visited the Cam- 
bridge, Mass. laboratories in December, 1946. The 
Atomic Energy Commission was also interested 
and gave much assistance. 

The project involved the work of many people, 
both here and abroad. R. D. MacDonald and D. 
Kaufman headed the two operating sections, Ore- 
testing and Chemical and Analytical. Since 1951, 
research in this field has continued under the 
management of the American Cyanamid Co. 
(1951—1954), and then National Lead Co. 

The report is of special interest to all metallur- 
gists, in that it represented the first successful 
application of ion-exchange to hydrometallurgy. 
The process is now operating on an industrial 
scale and will be described in forthcoming South 
African papers. Pictured above is the main gate 
to the first South African uranium extraction 
plant, courtesy New York Consulate of the Union 
of South Africa. 


particularly 


intimately associated with the hydrocarbon. Urani- 
nite also occurs in association with sulfide mineral 


pyrite, and high-gravity fractions are 
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Table |. Weights and Assays According to Sp. G. in the 150 to 200 
Mesh Fraction of a Wet Ground Sample 


Uranium 
Dis 
Sp. Gr UO. Away, tribution, 


Fraction Pet 


Table Ii. Result Obtained by Flotation® of Freshly Ground Pulp 


Distribution 


Pet 


Cleaner concentrate 
Hougher tailing 


Locked-batch testing, the cleaner tailing from each test being 
» the feed to the next 
follows 
sided to grind 
to pH 7.5 (added to first conditioning) 
0.025 ib added to second conditioning) 
4 ib added to third conditioning 


Table Il. Ambient. Temperature Dissolution of Uranium from 
Flotation Concentrate 


1S, ib per ton of concentrate 

Pe Su) ib per ton of concentrate 
pH of pregnant liquor 

Hesidue assay, pet 
Fxtraction o 


principal 
ilicates 


uranium. The 
foliated 


high in both gold and 
mineral is quartz, but 
(micas and chlorites) are also present 

It was at first thought that the ore should be con- 
centrated by bulk flotation for gold and uranium and 
the concentrate then leached for the two metals in 
uccession. Various reagents were tested, and the 
atisfactory proved to be oleic acid—1 to 2.5 Ib 
ubstantially neutral pulp, with 
an auxiliary collector for sulfides, and a frother 
required for good results. It 


gangue 


most 
per ton-——used in a 
Softened water was 
was found that oleic acid could be replaced by 
cheaper carboxylic reagents available in Africa 

It was concluded that gold recovery by flotation 
followed by cyaniding would equal or exceed re- 
covery by direct cyanidation, and uranium recovery 
would range from 80 to 90 pet, depending upon the 
grade of concentrate sought. A ratio of concentration 
of five or six was generally attainable. Table II gives 
representative data 

The second step was leaching of the flotation con- 
centrate with sulfuric acid. Selection was made on 
the basis of its low cost and because the pyrite in the 
ore could be made into a source for the acid. Leach- 
ing proved erratic until it was discovered that an 
oxidizing agent should be added in adequate quan- 
tity to insure the uranium being made hexavalent 
In addition, variation in the amount of metallic iron 
from crushing and grinding equipment, and in the 
amount of pyrite and it tate of oxidation, caused 
However, under 
results 


the erratic character of early test 
acceptable leaching 
Table III gives results of three 


favorable conditions, 
finally were obtained 
early test 

Operation of the acid leaching process obviously 
a cheap supply of large quantities of sul- 
fortunately, the ore contains enough 
Experiments were 


require 
furic acid 
pyrite to make sufficient acid 


1066—JOURNAL OF METALS, AUGUST 1956 


made to ascertain the recoverability of the pyrite by 
flotation. It was found that the acid-leached residue 
was easily floated with good sulfur recovery and that 
mall amounts of additional gold and uranium were 


recovered 


operations, flotation followed by acid 


For new 
leaching and « 
than cyanidation followed by acid leaching of the 
For existing installations, the 
opposite was true, since gold was and is the main 
product of the South African mining industry. Op- 
erators of existing gold plants preferred the idea of 
by-product uranium operation that did not affect 
gold extraction. Since any increase in uranium price 
would favor the all-leaching process, it was decided 
to direct investigation toward development of a con- 
leaching process in which uranium was ex- 


yanidation seemed more advantageous 


cyanidation tailings 


tinuou 
tracted from residues of gold cyanidation 


Development of Uranium Dissolving Step 

It was found that only two conditions were re- 
quired for uranium dissolution: 1) that pH be lower 
than 2 at the end of the leach, and 2) that enough 
oxidizing agent be added to place the uranium in the 
hexavalent state. Uraninite is UO,, with uranium 
tetravalent; pitchblende, reputedly U,O., has part 
of the uranium tetravalent and part hexavalent 
Rand uranium is primarily uraninite, UO,, and it 
is associated with reducing agents such as pyrite, ox- 
idation products from pyrite, hydrocarbon, and me- 
tallic iron from grinding equipment, all of which 
consume oxidizing agent. However, pyrite remained 
in the residue and did not have to be fully oxidized 
Extent of hydrocarbon oxidation was not ascer- 
tained, but thucholite was in the leach residues, even 
though the latter were depleted in uranium; so, it 
was assumed that little hydrocarbon was destroyed 
and that slowness of high uranium recovery may 
have been due to the time required for leaching 
liquor to diffuse through the tight cracks in the 
hydrocarbon to the uraninite 

Among the best oxidizing agents were dissolved 
ferric iron and solid manganese dioxide. Manganese 
dioxide turned out to be the preferred agent on a 
cost basis, and also because it did not load up the 
system with iron salts which became troublesome at 
a later stage. However, all leach liquors contained 
considerable iron in solution. This arose in part from 
pyrite, in part from metallic iron, and in part from 
foliated silicates. The iron was in both ferrous and 
ferric form, and the manganese had become dis- 
solved to manganous ion. It is likely that manganese 
dioxide is the primary oxidizing agent and iron acts 
as a catalyst. Ferrous iron becomes oxidized to ferric 
at a manganese dioxide surface. The resulting ferric 
iron then oxidizes solid uranium oxide, thereby be- 
coming reduced again to ferrous iron 

Another function which iron may perform is that 
of tying up phosphate ions in the leach liquors by 
forming complexes or precipitates, and thus reduc- 
ing loss of already dissolved uranium by premature 
precipitation 

Recognition of the critical importance of main- 
taining suitable oxidizing power in the leaching 
solutions led to using a calomel half-cell in series 
with a platinum electrode in the leach liquor. It was 
found empirically that at potentials more negative 
than 400 mv, the uranium is entirely hexavalent 
The redox potential for the U" + UO,” couple is ap- 
proximately 330 mv, and at —-300 mv the iron is all 


ferrous and at 600 mv it is all ferric. To get good 


Pet 
fiver 43 3.4 1.92 295 
A 206 to 44 22 1.01 89 
27010206 114 0.221 10.5 
20 to 270 73.6 0 024 71 
226160200 74 0.145 45 
Under 226 12 460 19.7 
Wt Pet Au Pet 
138 187 "12 
45.6 18.7 12 
60 40 60 
20 
1.35 1.55 1.40 
0.027 0.090 
439 776 75.9 
| 


dissolution, some ferric iron must be in the liquor. 
Solution potentials of —450 to —500 mv were found 
suitable 

The requirement for substantial terminal acidity 
suggests two objections to simple leaching. Much 
free acid remains unutilized in the leach liquor, and 
many undesired constituents have been dissolved, in- 
creasing the difficulty of purifying the pregnant solu- 
tion. Study was made of the simple leaching flow- 
sheet, Fig. 1A, of a two-step leach with neutraliza- 
tions to pH 3.5 before solid-liquid separation, Fig 
1B, and of a two-step countercurrent leach with 
terminal pH 3.5, Fig. 1C. After pilot plant tests, a 
single-step leach was selected because the advan- 
tages of the cyclic leaches were outweighed by diffi- 
culties in making the additional solid-liquid separa- 
tions. Table IV presents typical leaching results 
obtained on one of the Rand cyanidation residue 


Table 1V. Leaching Cyanidation Residue by Two-Step Cyclic Process 


Leaching Time, Hr Keagents, Lb per Ton 


tranium Ex 
Neutral Acid traction, 
Step Mano Pet 


11.5 28.6 80.5 


Lo 2 80.5 
13.0 83.3 


Separation of Residue from Pregnant Liquor 
In view of the wide experience in South Africa 
with the cyanidation proce no great difficulties 
were expected in the separation of residue from 
pregnant liquo! Based on an assumed identity of be 
havior for the lime-flocculated pulp 
from the uranium leach, either a 


in cyanidation 
and the acid pulp 
filtering or a counter-current decantation operation 
appeared sufficient. However, pulps with a pH neat 
2 are dispersed and not readily flocculated by lime 
or othe! Eventually, animal glue 
was found effective 

The solid-liquid 
Fig. 1C, gave more trouble than in a 
It is probable that this was partially due to increased 
ionic strength of the cyclic liquors, and the difficulty 
was noted both in counter-current decantation and 
filtration 

3ench 


aline compound 
eparation in a cyche proce 
imple leach 


cale pilot plant tests of both separation 
methods indicated the problems involved. It wa 
estimated that about three times the filtering area 
per filtration step would be required in uranium 
in cyanidation. Furthermore, difficultie 
displace- 


leaching a 
were encountered in washing the cake by 
ment, the rate of wash passage being slow. This led 


Table V. Uranium Leach Liquor Obtained from Cyanidation Residue 


Component Assay, Gpl 


Hydroxide Precipitate Obtained from Pregnant Liquor 


Component Assay, Pet 


to the choice of double filtration with an intermedi- 
ate tage of repulping This was advantageous be 


cause filtration is widely used for solid-liquid sepa- 
ration in ecyanidation, and also because filtration 


yields more concentrated pregnant solution 


Extraction of Uranium from Pregnant Liquor 

By Precipitation: Since uranium hydroxides are 
insoluble, the first approach to the extraction prob 
lem was by use of strong alkalis as precipitants, It wa 
found that uranium-free barren liquors could be ob 
tained through the use of any carbonate-free alkali, 
uch as NaOH, NH,OH, CaO, or MgO; however, the 
character of the precipitates differed. Magnesia pro 
duced a granular precipitate which was decidedly the 
best of the lot, but several kinds of magnesia were 
tested, and it was found that they did not all behave 
alike. Those formed by calcination of magnesium cat 
bonate at relatively high temperature were le re 
active. On the other hand, magnesia precipitated 
from sea water by reaction with lime was very fine 
grained and highly suitable for precipitating ura- 
nium. In addition, it is easy to ship, and weight for 
weight, the most concentrated alkali 

Unfortunately, all alkali precipitations waste the 
acid in the pregnant liquor and the acid represented 
by metal salts other than uranium in solution, The 
grade of the products is low, and many impuritie 
are carried to the refining stage. This 1 ugpested by 

egnant liquor analysis and is confirmed by anal- 

Table V 
precipitation with alkali i 
olubility product 


of a magne 
Selective 
theoretically possible, since the 


la precipitate 


Uranium 


Fig. 1—Flowsheets for 
A, simple leaching; 8, a 
two step leach with new 
tralization to pH 3.5 be 
fore solid-liquid separa 
tion; and C, a two step 
countercurrent leach with 
terminal pH 3.5. Table 
IV gives results obtained 
by flowsheet C, which 
are equivalent, extrac 
tion. wise, to flowsheet A 
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Table Vi. Data for Continuous Application of Anion Exchange 
Resin to Uranium Extraction 


pu Fe, Gpl 
Pregnant solutior 11 0.272 11.7 
Barren solution 11 0004 11.8 
Fiuate 12 0.532 
Precipitate* 
pet 4.3 
Fe, pet 1424 
Als, pet 1.7 
* Obtained by passing ammonia to exce through the eluate, fil 


tering, and drying the precipitate 


of the several metal hydroxides vary over a wide 
range. The metals primarily involved are uranium, 
ferrous and ferric iron, aluminum, and manganese 
Iron caused much trouble because of it 
and because it occurs in two valencie 


abundance, 
This can be 
eliminated by first oxidizing all the iron with ad- 
ditional manganese dioxide. On gradual addition of 
magnesia, iron first precipitates up to pH 3.5 as a 
mixture of oxide and basic sulfate. A second precipi- 
tate carries the aluminum, silica, and uranium pre- 
cipitate, AISiIU, and manganese comes down a 
ganous hydroxide above pH 6.5. The crop precipitate 
is thus obtained between pH 3.5 and 6.5. This is ap- 
preciably cleaner than precipitate obtained without 
excluding the iron, but it is still 
usually 4 to 6 pet U,O,—as to require extensive proc- 


man- 


uch a low grade 


essing. Carbonate leaching i 
extra step in an already complex procedure 
precautions must be taken if 
with alkalis i ful, although low-tem- 
perature ferric hydroxide precipitates are notoriously 
prone to carry adsorbed impurities from their liquid 
environment. Boiling the iron precipitate made it 
easier to filter and removed much of the adsorbed 
uranium. When this boiling step was included, the 
loss of dissolved uranium in ferric hydroxide precip- 
itate was held well under 1 pet 


effective but puts an 
Special 
elective precipitation 


to be succes 


Manganese precipitation was proposed as a device 
to insure against uranium losses and provide a 
means for regenerating manganese dioxide. The 
manganese precipitate can be oxidized with atmos- 
pheric oxygen in alkaline pulp by long agitation with 
air at ambient temperature in a Pachuca tank 

Since uranium is less soluble in tetravalent form, 
much attention was given to reduction of the preg- 
nant liquor preparatory to precipitation. Reduction 
can be obtained with such metals as aluminum, zinc, 
sodium amalgam, and although laboratory 
reductions can be made to go to the U” stage. the 
most that can be expected in practice is substantially 
complete conversion to U' 

If the pH is high enough during reduction, 
uranous oxide or hydroxide can be expected to pre- 
cipitate, and if the concentration of orthophosphate, 
sufficient, the uranous 


iron, or 


pyrophosphate, or arsenate ji 
salt can be expected to precipitate during reduction 
Actually a 
tained by certain variants of the reduction proced- 
ure, and in some cases it was necessary to add the 
precipitant after the reduction. The best precipitant 
seemed to be pyrophosphate, but it had to be added 
in carefully gaged amounts to prevent complexing 
While not as effective a pre- 
risk of loss by 


sort of cementation precipitate was ob- 


of uranous uranium 
cipitant, orthophosphate offered les: 
complexing 
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In a laboratory experiment, 19 liters of leach 
liquor assaying 79 mg U,O, per liter were brought 
to pH 1.3, then agitated with 5 gm of iron powder 
and 3 gm of sodium phosphate to produce the 
uranous pyrophosphate precipitate. After filtration, 
this precipitate was treated as a slurry with 10 gm 
of sodium hydroxide and filtered again. The final 
concentrate contained 67.7 pct U,O, for an 89.9 pct 
Further experiments improved the urani- 
um extraction to the range above 95 pct. If pH dur- 
ing reduction was not low enough, a major part of 
the uranium with the iron or other 
reductant 

The pseudo cementation with copper, iron, or 
aluminum has many attractive features: the preg- 
nant solution can be made to flow through a column 
of the cementing metal, and there is little problem 
in separating the product from the barren liquor 

By lon-Exchange: An early suggestion was made 
that ion-exchange resins could be used to extract the 
metal. Experiments to fix uranium-bearing cations 
with cation-exchange resins were disappointing, be- 
cause of the non-selectiveness of the resins. Iron, 
manganese, calcium, magnesium, and aluminum 
were extracted about as well as uranium. The ad- 
vantages of cation-exchange resins were so ques- 
tionable that the project was dropped 

Research by A. E. Bearse at the Battelle Memorial 
Institute led to the discovery that uranium could be 
selectively from sulfuric acid solutions 
large quantities of iron and 


recovery 


remained 


extracted 
containing relatively 
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Fig. 2—The complete process 
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aluminum, by using anion-exchange resins. Appli- 
cation of anion exchange resins to extraction of Rand 
leach liquors was so promising that development of 
other methods of uranium extraction was suspended 

It is well known that uranium is very tenaciously 
attached to oxygen. Hexavalent uranium in fact 
occurs as the divalent uranyl ion UO,” rather than 
as U*. Uranium also forms many double salts, as 
with sodium and calcium, which are termed ura- 
nates and in which the grouping UO,” seems to 
prevail. It was thought that the results with anion 
exchange resins were due to adsorption of UO,” or 
[UO,(OH),]°~ by the resin. But this could not be 
the case, due to the high acidity, hence low [OH], 
at which the successful extraction was carried out 
If such a complex hydroxylated ion as [UO,(OH),] 
does exist, its abundance must vary as the fourth 
power of [OH]. A change from say pH 3 to pH 1 
should reduce its concentration by 10° and make a 
huge difference in the behavior of the resin. This 
does not occur, even though there is a slight pH 
effect on the resin extraction 

A study was undertaken to find out if a sulfate 
complex was involved. Some leaches were carried 
out with acids other than sulfuric, which greatly re- 
duced sulfate-ion and bisulfate-ion concentrations 
in the leach liquors. Also, some artificial liquors 
were made and tested, in which various acid radicals 


Fig. 3—Adsorption curves from an ion-exchange column for 
a pure (A) and a poisonous (B) feed liquor 


were added, and a careful chemical study of the 
system was made. It was shown that the resin 
adsorbs at least four important anions: HSO,, SO,, 
UO.(SO,). , and UO,(SO,) Of the two uranium- 
bearing anions, the latter is abundantly adsorbed 
Extraction of uranium from clarified leach liquor 
major step the adsorption step 
tep, during 


involves two 
which is also known as the exhaustion 
which the resin is picking up uranium from solution, 
and the elution step during which the resin give 
up its uranium to the eluant solution. The solution 
obtained by this elution step is the eluate. During 
the adsorption step, a stream of pregnant solution 
passes through a column of resin particles at a 
sufficiently slow rate to permit the adsorbable ions 
to diffuse into the resin, while the exchanged ion 
diffuse out. The exchanged ions, which may be 
chloride. nitrate, bisulfate, or sulfate, are then found 
in the effluent liquor in stoichiometric equivalence 
to the adsorbed anions. Of course, uranium in the 
pregnant liquor is not all in the compiex form 
since kinetic equilibrium must exist between the 
various forms in which dissolved uranium occurs 

At the beginning of a test the effluent is very low 
in uranium—generally well under 0.1 ppm from a 


feed liquor of about 100 ppm. As the resin becomes 
saturated, the effluent retains increasing quantities 
of uranium, reaching the concentration of the preg- 
nant liquor when the resin is fully loaded 

The fully loaded resin is wen treated with the 
eluant, which removes the uranium, replacing it by 
the ion the uranium had displaced during the ad- 
sorption cycle. This is obtained by providing the 
eluting liquor with a totally different regime of ton 
concentrations than the feed liquor. The eluate (the 
product of the second step) is a solution of uranium 
in acidulated water. Uranium concentration Is sev- 
eral times as large as the feed, and the impurity 
content is much reduced. Table VI shows results that 
may be obtained, The uranium grade of the eluate Is 
twice that of the pregnant solution, and in recent 
work, eluates have been much higher in uranium, 
representing a concentration ratio of 10:1 to 20:1 
Iron is reduced about 100 fold, and the reduction 
in aluminum and manganese is generally more 
drastic 

By selecting certain cuts in the eluate, it is pos- 
sible to obtain a higher uranium content and greatet 
The metal 1 
oxide, by 


recovered from the eluate as 
filtration, and 


purity 
ammonia precipitation, 
calcining 

Because the ionic population of a bit of resin in a 
column is constantly changing with time, the proce 
of ion-exchange is fundamentally a batch operation 
Use of ion-exchange resins for extraction of metal 
from hydro-metallurgy operations was entirely new 
to extractive metallurgy, and some misgivings were 
entertained about its engineering application, Prob- 
lems were anticipated in channeling in columns, 
poisoning of resins, mechan 
ical wearing of resins, controlling the process, etc. 
Fortunately, there existed con iderable engineering 
experience in wate! treatment, sugar refining, and 
the food industries to help in column design Pilot 
plants were constructed here and in South Africa to 
explore the engineering aspects of the ion-exchange 


jlugging of column 


proces 

Some unexpected result regarding the poisoning of 
resin and it The usual 
resin may be described by curve A, Fig. 3, 
ay of the effluent liquor as a function 
ed through the column, This curve 
olutions of ura- 
In practice, curves of type B 
behavior sug- 


rejuvenation were obtained 
loading of 
howing the a 
of the volume pa 
hows results obtained with pure 
nium sulfate as feed 
were obtained with certain ores. Thi 
vests the preferential adsorption of a less abundant 
but more tenaciously adsorbed ion that contains no 
begun to establish the identity 
ulfur-oxygen complex ions 


uranium, Study wa 
of the poison. Certain 
and the cobalticyanide complex ion were found to 
be the chief offende Special purging methods 
were found to eliminate the poisons; the most effec- 
tive have been dosages of sodium hydroxide, sodium 
ulfide and ammonium thiocyanate Additionally, it 
was found that it pays to water-wash the cyanida- 
much cobalticyanide 


tion tailings, as this remove 


and lessens the frequency of the purges 
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C. A. Brashares 


Refractories 


Aluminum 

HE choice of refractori« 
aluminum production 
nevertheless, the 


ervice trials for 


for most furnace equip- 
ment used in while 


largely standardized, } ubject of 


continuing research and election 
of those which will provide the best 
ervice 

Electrolytic Reduction Cells: Carbon blocks pro- 
cathode in electro- 


refractor 


vide the lining and serve a 
lytic reduction. Depending upon amperage used, the 
carbon lining may be backed with insulation or with 
dense fireclay brick 

Melting Furnaces: wide 
are used for construction of aluminum melting fur- 
naces of the reverberatory type, particularly in the 
hearths and lower side walls. Roofs and upper side 
walls are generally built of super-duty or high duty 
There is a continuing trend toward 


range of refractorie 


fireclay brick 
more extensive use of super-duty brick 

In the lower side walls, chemical composition and 
mineral stability of the refractories are of major 
importance, Spalling resistance, mechanical strength, 
and other physical properties must also be adequate 
for the treatment to which the refractories are sub- 
furnace 


jected. In general, the requirements fo! 


imilar;: charging of the cold metal re- 


mechanical impact and abrasion to 


bottoms are 
ults in severe 
refractories in some positions here 

Aluminum melting furnace hearths and lower side 
walls, which are in contact with the molten alumi- 
num, can be affected by metal penetration and chemi- 
cal reaction. Alloys are made in accordance with rigid 
pecification o, even if a particular refractory can 
render long service, its use may be precluded be- 
cause of a tendency to impart another metal to the 
alloy. Silicon pick-up in particular must be avoided 
in some alloys 

High duty fireclay brick with unusually low per- 
meability have been used in the bottoms of many 
aluminum melting furnace but there has been an 
increasing demand for refractories that can serve to 
Super-duty fireclay brick have not 
become extensively used in this application. A high 
alumina refractory of the 60 pet ALO, class possess- 
trength and low per- 


better advantage 


ing enhanced properts of 


meability is giving excellent service 


W. F. ROCHOW and C. A. BRASHARES are with the Harbison 
Walker Refractories Co, Pittsburgh 
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In many widely different processes, including roasting, 
smelting, electrolytic reduction, refining, and numerous 
others, the refractories used are subjected to substantially 
all conceivable destructive factors. In addition to chemical 
and physical properties needed for adequately withstanding 
the treatment imposed by furnace operating conditions, 
other inherent characteristics are also paramount. Some of 
these properties are not necessarily related to the service 
life of the refractory. Thermal conductivity, specific heat, 
density, electrical resistivity, thermal expansion, and in some 
cases, permeability to fluids, are properties of great impor 
tance in addition to those upon which durability depends 


For Aluminum And Copper 
Production 


A mullite-bonded corundum refractory with an 
alumina content of 90 pct has proved highly resis- 
tant to wetting and penetration by molten aluminum 
High strength commends its use in furnace 
bottoms and lower idewall where abrasion and 


impact are severe. In alumina-silica refractories, 


alloy 


certain conditions produce a slow thermic reaction 
resulting in reduction of silica by aluminum metal, 
thus contributing to silicon content of the metal 
With high-alumina refractories, this reaction is gen- 
erally very slow, and silicon pickup may be entirely 
negligible 
Corundum refractories containing over 99 pct 
ALO, are commercially available. Thi 
exceedingly resistant to both penetration by molten 


abuse, and it 


refractory is 


aluminum and severe mechanical 
closely approaches the ideal in chemical composition 
for use in aluminum melting furnaces. Ability to 
withstand thermal shock is superior to most othe! 
high-alumina or alumina-silica refractories. Some 
corundum brick have now been in service for a con- 
siderable time and their performance has been good 

Corundum refractory made in large pre-fired 
special shapes are used with excellent results in lin- 
ings of 
required to meet extremely 
Table I shows typical test data for a commercially 
produced corundum refractory 

Hard burned chrome and chrome-magnesite re- 
fractories are used in this application, because of 
their desirable chemical composition and resistance 
Silicon carbide and zircon brick are used 


induction furnaces for production of alloys 


precise specifications 


to wetting 
in some furnaces 


Table |. Analysis of Corundum Refractories 


Approximate Analysis 


02 
0.1 
0.1 
0.1 


2000 to 2500 


f rupture, psi 


palling test pet 
with 3000°F prehea 


a 
” 
Pet 
S10) 02 
99 5 
rw Trace 
Fe) 
Mg 
Naw) 
Panel 
c 122-47 00 


CONDUCTIVITY 
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THERMAL 


TEMPERATURE ,°F 


Fig. 1—Relative thermal conductivity curves for fireclay brick 


ome operations, 


something to be de 


Monolithic Materials: Plastic fire brick and cast- 


ome installations, but much remain 


which need to be con ilica reduction, in- 
imparted to the metal 
Monolithic-forming 
heated to high temperature 
ceramic bond and to develop good 


ecure full benefit of 


‘sistance to abra 


compared with 
of pre-fired brick in Table 
Penetration Tests: 
melting alloy 


composition change. Each pocket was charged with 


and examined 


num indicates that oxidation of the metal may 


retarded penetration. With unfired ceramic brick 
accumulation 


The difference 


Transverse Strength of Several Refractories 


Carbon Baking Furnaces: The commonly termed 
ring type furnace, which is used for baking of car- 
bon electrodes, consists of a series of individual rec- 
tangular pits in which electrodes are embedded in 
petroleum coke. They are built with continuous 
flues which provide regeneration as the burning 
cycle progresses, Flue walls, through which heat ts 
conducted to bake the electrodes at the proper tem- 
perature, are generally 4% in. thick. To accomplish 
uniform heating throughout the pits, a system of 
baffles within the flues conduct the combustion gases 
through the most desirable circuit. Refractories are 
ubjected to a soaking heat, the action of corrosive 
volatiles from the coke, and fluxing by the ash of 
some fuels. High thermal conductivity of brick used 
in these walls is most desirable. Dense, high duty 
and super-duty fireclay brick are used. Considerable 
research has resulted in worth while accomplish- 
ments in determining refractories best suited for 
this application. Fig. 1 shows thermal conductivity 
values of the most extensively used refractories 

Firing temperature of fireclay refractories has a 
marked effect upon heat conductivity. Data from the 
literature on thermal conductivity of alumina-silica 
refractories need to be carefully analyzed. Recent 
tudies lead to the conclusion that some results from 
determinations made in the past may deviate even 
more than +25 pet from accepted data secured by 
improved methods. Long furnace heating accom- 
panied by changes in texture and mineral composi- 
tion tend to increase conductivity 

Flue walls with tongue and groove joints and 
channels have been in use for several years and are 
proving satisfactory. With this design, theoretical 
heat transfer increased 20 pet over walls uniformly 
4'% in. thick. In some cases, this design is good only 
in wall areas where difficulty is experienced in 
ecuring uniform temperatures throughout the fur- 
nace interior 

Copper 

Recent developments in refractories for use in cop- 
per smelting and refining largely involve extended 
use of basic refractories. Normal hard fired magne- 
ite brick now have a higher magnesia content than 
ever before. They are also more refractory, stronget 
at high temperatures, have a higher density and are 
more resistant to thermal shock 

Chemically-bonded magnesite-chrome brick have 
desirable chemical composition, and withstand 
rapid temperature changes better than do most 
other basic refractories. Good spalling resistance i 
further enhanced for some uses by encasing the 
brick in light guage steel containers. After having 
been subjected to working temperatures, mechanical 
trength of chemically-bonded basic brick is ap- 
preciably lower than that of the brick as shipped 
Usually the temperature gradient through furnace 
linings extends over a wide range. For this reason 
unburned brick are not generally used at great pres- 
ure and high temperatures, or where they are sub- 
jected to abrasion or erosion by molten slags and 
metal 

When heated throughout at higher temperature 
chemically-bonded brick become much stronget 
Hard-fired magnesite-chrome basic brick is a rela 
tively new product. In addition to the desirable 
properties of chemically-bonded magnesite-chrome 
refractory, hard-fired brick are stronger at high 
temperatures. Other physical properties correspond 
closely to those of chemically-bonded refractory 
Hard-burned magnesite-chrome brick of similar 
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fractory brick and observing magnitude and uni- 
formity of penetration, as well as analyzing for Sa 
0.3 Ibs of aluminum alloy and heated for 30 hr at ~ % 
1500 °F. After cooling, the test pieces were cut in ‘es, 
half The appearance of the alumi- 
have 
infl \ t f alumina 
an 
ob- 
served. Even after drying, chemically combined ae 3 
water remains in these material Moisture in the ae z 
refractory could materially contribute to oxidation . 
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Fig. 2—Zones in silica brick used in copper wire-bar furnace. 


composition, but having a magnesia-alumina spinel 
bond, different class with which good 
results are now reported 

While forsterite 
category of new product 
been made in 


represent a 


longer in the 
, noteworthy progress ha: 
approaching maximum attainable 
physical The mineral forsterite is the 
orthosilicate of magnesium, 2MgOSiO Propertie 
of the commercial product are illustrated in Table III 

Super-duty silica brick give measurably longer 
particularly in vulnerable positions 
The important differences between super-duty and 
the best conventional silica brick are higher purity 
and higher refractoriness, which account for main- 
tenance of physical strength at maximum working 
Properties such as porosity, thermal 
expansion, and spalling resistance are virtually the 
ame for both classes; however, during the past sev- 
conventional silica brick have been pro- 
duced with better physical and chemical properties 

Reverberatory Furnaces: Over many years, there 
has been an evolution in refractory practice for cop- 
per and nickel reverberatory fur- 
naces. At some concentrates 
treated per furnace has been more than trebled. At 
higher ilica brick is inadequate 
for roofs and side walls. Complete basic brick roofs 
of suspended construction were found satisfactory 
Several distinct refractories have 


refractory is no 


propertie 


ervice 


temperatures 


eral year 


matte smelting 


melters, tonnage of 


production rates, 


classes of basic 


been used in sections large enough for appraising 
their relative suitability and cost. Chemically- 
bonded chrome-magnesite brick and  hard-fired 


chrome-magnesite brick with steel casings were in- 
vestigated by large-scale trials in 
pended roof construction. Hard-fired magnesite and 
periclase were used in the same 
manner. The conclusion is that steel-encased chem- 


means of sus- 


refractories also 


ically-bonded magnesite-chrome refractory serve 
best at lowest overall cost 
Table Ill. Forsterite Refractory 

Approximate Analysts Pet 
$3.4 
Al“ o8 
ae 
Cad 1.5 
Meo 46 
Crabs o8 


Cold-crushing strength, psi 2500 to 3500 


Reheat Test 


Pet linear change at 3000°F 05 to 1.0 


Load Test, 25 pei 


withstands load to 1050°F 
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Good performance of forsterite refractory in the 
firing wall of a reverberatory furnace may indicate 
benefits that can be expected from its wider use in 
copper smelting furnaces, but additional trials need 
to be made 

Copper Refining Furnaces: Invert arch bottoms 
of wire-bar and anode furnaces are generally built 


of silica brick. However, hard-fired conventional 
magnesite brick have been used and have given 
longer life than silica brick. Hard-fired chrome- 


magnesite brick with silica brick in the sub-bottom 
are also becoming widely used 

Pre-fired magnesite and chrome-magnesite brick 
give best results in lower side walls. Burned chrome- 
brick, which have higher resistance to 
spalling than magnesite brick, are well adapted for 
upper side walls, but metal-encased magnesite- 
chrome brick are preferred at some plants 

While standard practice has been to build 
with silica brick, there is a trend toward use of basic 
refractories. Some properties of silica brick make it 


magnesite 


roofs 


especially well suited for roofs; their strength and 
rigidity at operating temperatures are far greate1 
than necessary to sustain the thrust of even the 


widest roof spans; they do not spall at temperatures 
above 1200°F and are highly resistant to erosion by 
gases. At temperatures up to the maximum for silica 
brick, the precise expansion rate makes it easily con- 
trolled, and no shrinkage occurs. Super-duty silica 
brick have shown 


favorable contrast over conven- 
tional refractory, particularly in the vulnerable 
roof positions. Ribbed roofs, frequently used on 


open-hearths, may prolong the life of silica brick in 
some instances 


Sica Baicwx 


Fig. 3—Zebra type furnace arch construction with basic and 
silica brick 


A study was made of silica brick which had been 
in service for a normal campaign in a wire-bar fur- 
nace roof. A typical sample was 6 in. x 3 in 
section and 8% in. long. Discoloration ranged from 
black with a reddish cast in a 5% in. zone, extend- 
ing back from the hot face to a light yellowish gray 
for the remainder of the brick 
for the zones indicated are shown in Table IV, and a 
summary of results is shown in Fig. 2 


Chemical analyses 


A thin layer of cupric oxide coated the hot face and 
many of the larger voids, indicating that an appreci- 
able amount formed during cooling of the furnace 
Copper oxides had thoroughly penetrated the dis- 
colored zones of the brick, filling the smallest cracks 
and interstices 

Silica brick in electric copper 
roofs gave only short service 


melting furnace 
The reducing atmos- 
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Fig. 4—Micrograph of a chrome-magnesite tuyere shape after 
service in a copper converter. A) metallic copper, B) chromite 
spinel, C) high iron spinel (magnetite containing some cop 
per oxide) in solid solution with chromite, D) forsterite in 
matrix, E) pyroxene, (Mg,Fe)O-SiO, needles and laths in 
gloss, F) periclase with spinel inclusions. Reflected light, 
220 X 


phere may account for silica brick behavior similar 
to basic open-hearth steel furnaces. The end of the 
open-hearth roof brick exposed to operating tem- 
perature consists of cristobalite and molten magne- 
tite, yet under strongly reducing conditions, iron 
ilica react to form low melting fayalite, 
silica brick are 


oxide and 
2FeO-SiO 
destroyed in a very short time 


Under such conditions, 


Conflicting comments in literature regarding ex- 
istence or non-existence of copper silicates in slags 
might be due to the scant knowledge of the influ- 
ence of oxygen pressure on the stability of these 
silicate silicates might be stable at high 
temperatures in the glass melt but not crystallize 
the silica might be reduced by 


Coppe! 


out on cooling, or, 
copper or cuprous oxide at furnace temperatures 

Basic Refractories for Roofs: Basic refractorie 
lack some of the excellent physical properties of 
silica, but have superior corrosion resistance to the 
basic fluxing agents which accompany furnace re- 
fining operations. Basic brick are heavier than silica 
and not a trong at high temperatures. Above 
1200 F, silica brick are less susceptible to thermal 
spalling. Among the various basic refractories, hard- 
burned chrome-magnesite and magnesium-silicate 
(forsterite composition) classes are strongest at 
high temperatures 

Sprung arch roofs of hard-fired chrome-mag- 
nesite brick are used with good economy on several 
refining furnaces. Furnace practice in these instance 
differs from that of the usual wire-bar and anode 
furnaces. With forsterite refractory, roofs of sprung 
arch construction have given unusually long service 

A number of open-hearth steel furnace roofs have 
been built with shoulders of alternate single or mul- 
ilica ard basic brick, in the pattern 
zebra construction, Fig. 3 


tiple courses of 
commonly referred to a 
Similar designs of roof shoulders extending from the 
kew toward the center, for various distances, are 
being tried in the copper industry. With the pro- 
longed life secured, worth while economics are indi- 
cated. Extent over which this construction can be 
used with benefit is governed by the area of greatest 
wear. Metal encased magnesite-chrome brick are 
generally best for the purpose. While the basic portion 
of the roof extends the life of the silica portion, it 


Table 1V. Zone Analyses of Silica 


Zone Number i : ‘ 


Measured from Hot Face ity in 
exposed end 2 i*,in 


SiO,, pet 8.7% 73.96 79 88 
AlgOs, pet 19 
TiQs, pet ) Of ) 0.19 
pet ) 1.05 12 1.67 


Ca 
MgO, pet 


ool 

0.10 

pet 


Total, pet ov 84 09.78 ov 64 


follows logically that super-duty silica brick will 
provide the best balance between the two types 
Suspended Roofs: Basic brick expand uniformly 
throughout the temperature which 
it is used; so, the ends of the brick exposed to 
furnace considerably 
greater rate than the exterior ends. This can con- 
tribute to pinching o1 Sus- 
pended roofs of basic brick, enclosed in light guage 


range at 


temperatures expand at a 


mechanical spalling 


steel containers 
from load and arch thrust, and the differential ex- 
pansion between the hot and cool ends of the brick 
Experience over many years with large quantities 
of basic brick installed with steel joints or con- 
tainers, shows that advantage 
chanical and thermal spalling resistance are fully 
realized. Steel enclosed chemically-bonded magne- 
ite brick have given good 


relieve the refractories of pressure 


from increased me- 


ervice on wire-bar and 
anode furnace roofs 

Copper Melting Electric Furnaces: Several varic- 
ties of chemically-bonded magnesite-chrome brick 
have been used in the roofs. Pre-fired basic brick are 
stronger than chemically-bonded brick at the fur- 
, and are more resistant 
used in roofs, the 
burned basic brick can sustain a greater load and 
thrust. Hard-burned chrome-magnesite brick have 
erved best in some instance 

Copper and Nickel Converters: Variation 
verter practice make a single best refractory out 


nace operating temperature 
to erosion by molten metal. As 


in con 
of the question, but a comprehensive investigation 
of brick used in converter linings | 

Observation 


In 
of tuyere zone linings indicate that 
thermal spalling may be an important contributor to 
refractory consumption. Use of a cold setting mastic 
for sealing the space between the tuyere pipe and 
the brick seem palling 

Pre-fired chrome-magnesite brick are more re- 
hock than magnesite brick. Ex- 
of basic brick taken from 
hown a difference in coppet 
In the case 
in thin 
found 


to moderate 


istant to thermal 
amination of these classe 
converter linings have 
penetration which might be significant 
of magnesite brick, copper impregnation wa 
veins, while the chrome-magnesite brick wa 
to contain dispersed beads of copper. The great dif 
ference between thermal expansion of copper and 
the refractories could intensify stresses as the tem- 
perature alternates from below the solidifying point 
during charging to the 
If the pattern of impregnation follows that observed 
in the brick studied refractory 
usceptible than magnesite brick to 


melting temperature 
chrome-magnesite 
may be le 
palling caused by such stre 

Fig. 4 is a photomicrograph of a polished 
of chrome-magnesite tuyere 


development 
ection 
hape after normal 


ervice in a copper converte! 
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Quenching as a Heat Transfer Problem 


Boundary conductance—the heat trans- 
fer from the surface of a quenched object 
to the quenchant—largely defines hard- 
ness resulting from quenching, according 
to this first report on a cooperative project 
carried out in the Heat & Mass Flow Ana- 
lyzer Laboratory at Columbia University. 


V. Paschkis 
and 
G. Stolz, Jr. 


HARDNESS pattern does not depend on hard- 
enability alone, but with a given hardenability, 
a certain pattern of cooling rates must prevail. In 
cooling, different rates are always obtained at differ- 
ent points in the body. The pattern of cooling rates 
depends on the geometry of the body, its thermal 
properties (conductivity, specific heat, heat of trans- 
formation, and rate of transformation), and to a 
large extent on the rate of heat transfer from the 
surface to the quenching medium. Thus, a study of 
such rates, although apparently a thermal problem, 
is of great importance to the metallurgist concerned 
with obtaining a hardness pattern. In quenching 
pieces of small cro ection, these rates of heat 
transfer from the surface become the only control- 
ling factor 
For convenient comparison the rates are reduced 
to unit surface area of the sample, and to one degree 
difference between surface temperature and bulk 
temperature of the quenching medium. The rate so 
reduced (Btu per sq ft, hr, “F) is called the bound- 
ary conductance. It undergoes great changes during 
the quench, and understanding the contributing 
factors may make manipulation of the value possi- 
ble. Such manipulation of boundary conductance 
may lead to a controlled variation of cooling rates at 
different points in the body. Cooling curves have 
commonly been characterized by an average rate of 
cooling at a specified temperature. A typical defini- 


Fig. 2—Temperature-time curves for steel and silver spheres, 
plotted from boundary conductance information 
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Fig. |—A typical boundary conductance curve 


tion would be, “the time required for the sample 
temperature to drop from 1350°F to 1250°F.” This 
range is too large; the rate of change, expressed by 
the slope of the temperature-time curve, may be 
quite different at 1350°F and at 1250°F. Moreover, 
this rate is different at different distances from the 
surface, Therefore, boundary conductance curves 
are a preferable way of presentation 


Boundary Conductance 


Because of pending improvements of evaluation 
procedure, only a few curves have been evaluated. 
Fig. 1 is an example. Such a curve contains sufficient 
information to obtain the complete temperature- 
time-space relationships inside the sample for the 
conditions given. A rapid drop in temperature is 
coincident with a high value of boundary conduct- 
ance; in fact, the latter causes the rapid cooling 


Boundary conductance found in silver (see Ex- 
perimental Technique) can be used for the determi- 
nation of temperature in other materials. In Fig. 2, 
temperature-time curves for a steel sphere of the 
same diameter are plotted, assuming the same initial 
steel and silver and quench bath temperatures. These 
steel temperatures were computed on the basis of 
equal boundary conductance at equal surface tem- 
peratures. It can be seen that surface temperatures 
of steel and silver are not greatly different. But, be- 
cause of lower thermal diffusivity of steel, the center 
of the steel has reached a temperature of only about 
1480°F at a time when the center of the silver has 
almost the same temperature as its surface, about 
250°F. Evaluation of boundary conductance values 
has to be extended to silver temperature well below 
250°F in order to yield steel center temperatures. Of 
course, it is possible to compute and plot steel (or, 
for that matter, silver) temperature for any other 
point in the sphere 

Boundary conductance research described in this 
paper is continuing. Work in progress covers several 
additional quenching media, exploration of addi- 
tional variables, and the mutual influence of two or 
more variables 
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Summary of Experimental Results 


Quenches were carried out to investigate the influence of several variables on boundary conductance 


Quench in Water—Not Agitated 


Quenchant Temperature: There are three fairly distinct types of behavior 
according to the water temperature. With cold water, 40° to 65°F, the 
vapor layer breaks down after a short time. For intermediate temperatures, 
65° to 100°F, the vapor layer breaks down repeatedly and reforms. This is 
indicated by steps in the cooling curve and can be observed visually, with 
individual bubbles forming haphazardly at different points on the surface, 
prior to the stage of nucleate boiling. Quenching in high temperature water, 
100° to 160°F, is characterized by an unusually long persistence of the com- 
plete vapor blanket 

Depth of Immersion: Depth of immersion in the quench bath influences cool. 
ing. While the change from the very shallow immersion to the 24%-in. depth 
may be expected, the significant difference between 2%-in. and 5%-in. 
depth is surprising 

Velocity of Insertion: Change of this velocity from 36 to 10 in 
sulted only in a small change of the cooling time 

Tank Size: Reduction of the tank below a certain minimum introduces prox- 
imity phenomena. A Plexiglas tube of 5% in. ID was placed in the tank 
Quenching in this small tube was much slower. In all quiescent quenches, 
water heated by the sample rises to the surface and spreads over it, forming 
a good sized hot blanket. In the smaller tank the blanket thickness increases, 
exposing the sample to a much higher water temperature. Although the 
initial temperature of the quench was 110°F, the temperature on the con 
tainer wall at the level of the sample increased by 50°F. The increase would 
have been only 8°F if the temperature rise were uniform, but it is far from 
uniform 

Gas Content: A batch of water saturated with respect to air at 40°F was de 
ionized and rapidly heated to 110°F just prior to a quench. The water was 
maintained at 110°F for several days, and a number of quenches were per 
formed during that period. Cooling times gradually increased from 18.2 to 
22.7 sec. This explanation is proposed: the solubility of air in water at atmos- 
pheric pressure is 2.0x10~° mole fraction of oxygen and nitrogen’; at 110°F it 
is 1.1x10° mole fraction. It appears that the presence of one or more dis 
solved gases increases the cooling rate 


Quench in Water—Agitated 

For experimental reasons the quench tank size had to be reduced. Most work 
was done in the 5%-in. cylinder, and in a few tests, a 4-in. Plexiglas cylinder 
was used. Degree of agitation covered a wide range and, as expected, high 
velocities resulted in faster quenching. Inside a in. tube, turbulence 
would have to increase to a Reynolds number (diam x velocity/viscosity) of 
5000 in order to obtain a quenching rate of the magnitude achieved in 
quiescent water in the large 38x3l-in. tank 


Quench in Caustic Soda Solution 


Solutions of 1 pet and 5 pet sodium hydroxide in water were used and re 


per sec re 


sults compared with de-ionized water. There was no agitation. With increas 
ing concentration the character of the temperature-time curve changes 
greatly: nucleate boiling starts at much earlier times and at much higher 


temperatures; the higher the concentration, the wider is the range of tem- 
perature over which nucleate boiling extends. The character of the cooling 
curve at 1 pct solution is of the general nature of the intermediate temper- 
ature type, while the 5 pet solution, in spite of the high temperature, results 
in a cooling curve of the character of the low temperature type 


and rate of cooling. In all experiments, the initial sample temperature was 1600°F 


Experimental Date 


Quenchant 
Temperature, °F 
45 
59 
oa 
118 
160 


Depth of 
Immersion, In 
‘es 
2's 


Velocity, 
In. per See 
$5 
i4 
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Top Face, In 
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diam 
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Reynolds No 
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44000 
55000 


Quenching 
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Pet Na 


Time to Reach 
See 
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THR, See 
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23.6 


Time to Reach 
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26.6 


Time to Reach 
Bee 
23.6 
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Experimental Technique 


During the quench, temperatures are measured within the sample The authors are indebted to DOr E §$ Rowland and Mr Glen 
as continuous functions of time. Curves are extrapolated to surface Riegel, without whose encouragement the program would not have 
conditions by the Heat and Mass Flow Analyzer, and the rate of been organized Mr. G. Acevedo performed the major part of the 
heat flow from the surface may also be computed. The surface tem experimental work, Mr. M. Levitsky preceded the second author in 
perature and the heat flux in turn give the boundar conductance the early phase of the program. Gratetul acknowledgment is made 

e of silver imples dvantageous from an experimental ew of financial support by the following orgonizations 
point, is perr ble since the boundary conductance is assumed to Ajax Electric Co Amer n Steel Foundries, Barber-Col 
be independent of the iterial. Silver-nickel thermocouples in the nan Co.. Bell & Goasett ¢ Bendix Aviation Corp. Research 
sample give the temperature patterr Pure nickel wires 0.020 in Laboratories, Catert uw Tractor Co., Clark Equipment Co 
diar ind insulated by alundum tubing, are welded to the botton Deere & Co. E. 1. DuPont DeNemours & Cx Engineering 
of 0.042 in. diam holes by discharge of electric capacitors, and the ndatior Fafnir Bearing Ce Ford Motor Co.. Gulf Re 
nickel wires are brought out through the supporting neck. The sam search & Development ¢ H reft & Ce FE F. Houghton & 
ple is the other leg of the thermocouple with a 0.065 in. silver wire Co., Hughes Tool Co., Ipseniab of Rockford, Ine Ladish Co 
from the ample as the common thermocouple returt Leeds & Northrup o.. Libb« Ower ord Glass Ce Reed 

The neck is fastened to a coaxial inconel tube, which extends Roller Bit ¢ Ww Rockwell Co. § sir Research Labora 
through a carbon gland of a vertical tubular electric furnace. The tories. SKF Industries. In« Surface Combustion Corp 
neconel tube is fastened to the dropping mechanism. A quench tank Thompson Products, In« Timken Roller Bearing Co., White 
with ewing window is under the furnace Motor Co 

The furnace osed while the sample is heated and a nitrogen 
blanket maint ed To quench, the bottom plug is removed and 
the sample drops into the quench bath at a known and adjustable References 
speed. During a quench, thermocouple emf-time curves are re V. Paschkis and H D_ Baker: A Method for Determinnig Un 
corded with five of the six oscillograph channels, and one channel steady-State Heat Trar by Means of an Electric Analog Trans 
records sample position during the drop ASME. 1942 64, p. 105 
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Melting 
Fabricating 


Uranium 


F_R. Lorenz 
W. B. Haynes 


E. S. Foster 


preparation of alloys of molybdenum, columbium, 
and silicon with uranium. These 
been combined into a duplex melting technique en- 
abling the production of 
up to 4-in 

In vacuum special 
melting refractories are used to reduce the impurity 
contamination in the alloy casting in order to achieve 
the desired corrosion resistance of the fuel material 
In consumable are remelting of induction castings, 
no detectable quantities of additional impurities are 
introduced or removed 

Binary alloys of uranium with molybdenum and 
columbium made by this duplex method have been 
fabricated by extrusion, forging, rolling, and swag- 
ing. No defects have been noticed in the finished 
product. The silicon alloy has been worked 
cessfully only by extrusion 


ingots 
approximately 50 Ib 
melting, 


ound, homogeneou 
weighing 
induction 


diam, 
certain 


Melting 

The Vacuum Induction Melting Furnace: An in- 
ternally water cooled Micarta tube vacuum induc- 
tion melting furnace is used for making the induc- 
tion melted and cast material for further fabrication 
processing or for consumable electrode arc remelt- 
ing. The furnace body consists basically of three 
parts: 1) a Micarta tube, internally water cooled; 2) 
a stainle teel head, internally 
3) a bottom or mold containet 
Fig. 1. The Micarta tube is 1ll-in 
by 24 in. long 
and sheets of copper, 
from heat 
about 8% in 


water cooled: and 
also water cooled, 

OD by 10-in. ID 
however, internal water cooled tubes 
which protect the Micarta tube 
reduce the usable inside diameter to 

The Micarta tube is gasketed at both 
ends and made vacuum tight with the ss head 
at top and a copper plate at the bottom. The bottom 
copper plate has a 6-in. diam hole in the center to 
provide clearance for a graphite mold which is posi- 
below the melting 


tainle 


tioned about 1 in crucible, Fig 


FR. LORENZ, W. B. HAYNES, and ES. FOSTER are with the 
Atomic Power Div. of Westinghouse Electric Corp, Pittsburgh 
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induction melting and consumable 
electrode are melting have been used in the 


two methods have 


Fig. |—The vacuum induction melting furnace, showing the 
Micarta tube with induction coils 


2. For chill casting into water cooled copper molds, 
a water jacket is bolted to the copper bottom plate, 
replacing the ingot mold container shown in Fig. 2 
The copper mold is positioned inside the water 
jacket and is made vacuum tight against the under- 
neath surface of the copper bottom plate by an 
O-ring vacuum seal. 

The stainless steel head makes provisions for the 
vacuum port, sight port, and vacuum gages. A 2-in. 
diam sight port extends 6 in. above the furnace head 
and is externally water cooled by copper tubing 
soldered on the periphery of the sight port tube 

The bottom, or mold container, shown in Fig. 2, 
is made of 6-in. ID copper pipe, closed on one end 
and flanged on the other to make an O-ring vacuum 
seal with the underneath surface of the copper bot- 
tom plate. Exterior structural members supporting 
the furnace are Micarta bars and sheet 

For loading and unloading the furnace while the 
vacuum pumps are operating, a 6-in. quarter swing 
vacuum valve (C.V.C.; model QSV6-03) separates 
the furnace from the vacuum A Kinney 
mechanical pump (27.6 cfm, type 778) is used for 
roughing and obtaining the necessary fore pressure 
for booster pump operation. The high vacuum line 
consists of a liquid nitrogen cold trap, a boostet 
pump (C.V.C.; KB 150-04) and a Kinney mechani- 
cal pump (110 cfm, type DVD 8810). Cold, the sy 
tem pumps down to about 0.034, while at 1500°C 
pressures in the range of 1 to 3y are obtained with a 


system 


° 


50 lb charge of U-12 wt pet Mo alloy Vacuum 
measurements are made by thermocouple 
mounted on both sides of the seat of the 
quarter! Swing vacuum valve and an ion discharge 
gage mounted on the furnace head. The power! 
source for the furnace is a 3000-cycle, 100-kw 
motor generator set 

It has been found that the furnace design, adapt- 
able for casting into graphite or water cooled cop- 
per molds, makes a highly efficient and compact 
bottom pouring casting furnace, especially when the 
melt contains large quantities of volatile impurities 
which might produce operating difficulties if the 
power coil were located in the vacuum chamber 

The Consumable Electrode Arc Melting Furnace: 
The laboratory arc melting furnace is illustrated 
schematically in Fig. 3, and is similar to many othe! 
units which have frequently been described in the 
literature in recent years. For this reason no dis- 
cussion of this furnace is presented 

The Melting of U-3.8 Wt Pet Si Alloy: About 750 
lb of U-3.8 wt pct Si alloy have been made by the 
duplex process. U-3.8 wt pct Si ingots have been 
frequently vacuum melted in beryllium oxide cru- 
cibles with a thorium oxide stopper rod seated in 


gages 


6-1n 


the pouring hole in the bottom of the crucible. This 


assembly is situated inside a graphite heater in the 
furnace. Crucible life has averaged about four melts, 
providing the crucibles have been fired at 1800°C 
prior to being used. Crucible failures generally origi- 
nate about the pouring hole, beginning with small 
circumferential cracks which propagate and open up 
on subsequent melts 

Because of the high cost in using beryllia (BeO) 
experimentation has been 
suitable melting method 


crucibles, considerable 
conducted to find a more 


A beryllia wash applied to the graphite surfaces ha 


Analytical Data from Several U-3.8 Wet Pct Si Alloy 
Induction Castings and Consumable Remelts 


Table | 


Ceonsum 

able Nominal 
Are Re- Wt Pet 
melt No Wt Pet si si 


Induction 
Melt 


Ingot No Wt Pet 


i 71 top 


4.74 bottom 


187 top 
187 bottom 


ottom 
4.76 top 
173 bottom 


proven fairly satisfactory in preventing attack of the 
graphite. The wash is applied in two layers, each of 
which is dried for 24 hr at 100°C prior to use in the 
furnace 

The high frequency power is introduced in 3-kw 
increments until the uranium begins to melt. A 
total of about 35 kw is required to take a 20-lb melt 
to 1650°C. Considerable stirring is ob- 
served during melting, in particular above 1430°C 
(optical pyrometer reading), when the silicon-rich 
layer on top of the melt goes into solution. The alloy 
is superheated to 1650°C and held for 10 min. The 
temperature is then lowered to 1600°C for pouring 
to reduce the probability of alloying with the water 
cooled copper mold, which has a 3/16-in. wall thick- 
ness. At the alloying temperature, a vacuum of about 


inductive 


obtained 
alloy material has 


4 microns ts 
Most of thi 
diam 


been cast to 1'4-in 


and has been consumable are remelted to 
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2 5/16-in. diam. The electrodes are made by heli-arc 
welding together two or more induction castings to 
an electrode approximately 25 in. long. The 
melting procedure is to drill and tap 
a hole in one end of the induction casting and then 
to screw it onto a threaded plug at the end of the 
water cooled copper electrode assembly. After a cop- 
been placed in the water jacket, the 
closed and evacu- 


mane 
general are 


per mold ha 
illustrated in Fig. 3, i 
ated. An atmosphere of equal parts of helium and 
argon is introduced, and then the furnace is evacu- 
ated to a pressure of about 20 in. of mercury. The 
embly is lowered, with the power on, 
until an are is established by striking a layer of 
metal chips which has been placed on the mold bot- 
tom. The are is usually established at about 450 amp 
and 20 are v, and then the electrode is withdrawn, 
and an are of 1050 amp at 24 to 26 are v is main- 
tained. A melting time of about 10 min is required to 
convert a 15 lb 1%-in. diam induction casting to a 
2 5/16-in. diam consumably remelted ingot. A 25-in 
the maximum length the furnace 


furnace, a 


electrode a 


long electrode is 


design will accommodate 


NTAINE® 


Fig. 3—Diagram of the consumable electrode arc melting 
furnace 


The uranium melting stock consisted of l-in 
squares 0.3 in. thick, chopped from strip containing 
about 100 ppm of carbon. The silicon feedstock was 
obtained in the form of 30 to 80 mesh powder (99.6 
pet pure). However, it could not be alloyed satis- 
factorily in this form, so the powder was vacuum in- 
duction melted in silica crucibles for consolidation 
and allowed to freeze in the crucibles. These cruci- 
bles were used only once, since long exposure at the 
melting point of silicon (1430°C) results in devitri- 
fication of the silicon oxide 

Chemical data in Table I show that good homo- 
geneity was obtained for the U-3.8 wt pct Si ingots 
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listed. The silicon, analyzed by wet chemical pro- 
cedures and by statistical methods, was found to be 
+2.9 pet of the amount reported. 

The Melting of U-10 Wt Pet Cb Alloy: About 20 
U-10 wt pet Cb melts, weighing between 10 and 20 
Ib, have been made. The alloy can be melted in 
beryllia (BeO) crucibles with thoria (ThO:) stopper 
rods, in the same manner as U-3.8 wt pct Si, but 
most of it has been melted in graphite crucibles with 
graphite stopper rods, both of which have been 
coated with a beryllia slurry and dried at 100°C for 
24 hr before use. This procedure has permitted an 
inexpensive refractory material to be used satis- 
factorily and, simultaneously, the carbon contam- 
ination in the ingot has been maintained at about 
300 ppm. If the alloy were melted in uncoated 
graphite, the carbon contamination would be about 
0.5 wt pet C. 

In the vacuum induction melting operation the 
U-10 wt pet Cb alloy is superheated to 1700°C, held 
at this temperature for 10 min for alloying, and 
poured into either graphite or water cooled copper 
molds having a 3/16-in. wall thickness. Of the two 
materials, copper is least preferred, due to the pos- 
sibility of burning through or alloying during the 
pour. Graphite molds have been used for making a 
few castings. Metallographic examination and X-ray 
diffraction showed that this material contained about 
30 pet transformed a phase, whereas castings made 
in water cooled copper molds are metastable y in 
structure. The difference in cooling rates between 
the two casting methods might then become an addi- 
tional reason for preferring one to the other, depend- 
ing upon the final use of the metal. 


Table 11. Homogeneity and C Contamination in Typical Cb and Mo 


Alloy Ingots 


Sample Alloying 


Lecation, Ele- 
Nominal Casting In. from ment Cc, 
Composition Size, In Kottom Pet rpm 


2 diam by 
27 long 6.50 12.1 170 


U-12 wt pet Mo 


2% diam by 1 10.4 290 
7 long 


U-10 wt pet Cb 


Table II presents some columbium homogeneity 
and carbon determinations obtained from drillings 
taken at six locations along the length of one 17-lb 
U-10 wt pet Cb ingot. The results indicate that good 
homogeneity was obtained by the vacuum induction 
melting procedure described. The consumable elec- 
trode remelt has been found to improve soundness of 
the alloy, but no change in the homogeneity has been 
detected beyond the limit imposed by analytical ac- 
curacy. 

The Melting of U-12 Wt Pct Mo Alloy: Several 
thousand pounds of the U-12 wt pct Mo alloy have 
been vacuum induction melted and subsequently 
consumably remelted to make billets for fabrication 
studies 

The induction melting practice for a 50-lb melt 
requires a total of 1 hr and 15 min to make a cast- 
ing from the cold charged furnace. The uranium 
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Fig. 4a—Induction melted casting of U-12 wt pct Mo alloy 
made in ZrO.-coated graphite crucible. 500 X 


melting stock in the charge has been in the form of 
l-in. diam bars, and the molybdenum has consisted 
of %-in. diam rods chopped into 1-in. lengths 

The alloy is melted in a zirconia (ZrO:) coated 
graphite crucible with a zirconia-coated stopper rod 
and cast into a graphite mold which also is coated 
with the zirconia slurry. The zirconia coated re- 
fractories are dried at 100°C for 24 hr before being 
used. The melt is superheated to about 1480°C and 
held at this temperature for 15 min, at a pressure of 
about ly, and is cast into a 2-in. diam split graphite 
mold to produce a casting. Table II lists representa- 
tive molybdenum homogeneity and carbon contami- 
nation data obtained from a single 50-lb casting 
The analyses were made on chips obtained from lo- 
cations every 3% in. along the casting length. In 
addition, analytical data for about 50 such melts 
have shown the molybdenum content in the ingot to 
be within the accuracy of the analytical determina- 
tion, that is, +0.3 wt pet Mo, and the carbon content 
to be about 200 to 400 ppm 

In consumably remelting 2-in. diam U-12 wt pet 
Mo electrodes to 4-in. diam ingots, the electrodes 
are threaded onto the end of the water cooled elec- 
trode assembly in the same manner as for U-3.8 wt 
pet Si alloy electrodes. The arc is established at 500 
amp and 24 are v and the electrode is consumably 
melted at 2000 amp and 18 are v. The outlet tem- 
perature of the water cooling the copper mold is 
about 110°F, and the rate of flow is about 6 gpm. A 
melting time of 10 to 13 min is required for convert- 
ing a 50-lb, 2-in. diam electrode to 4-in. diam 

Before a decision was made to use the zirconia 
coating on the graphite refractories for melting the 
U-12 wt pet Mo alloy, a melting program was initi- 
ated using other refractory coatings on graphite to 
determine the resultant impurity contamination in 
the alloy castings. In addition to the zirconia coating, 
beryllia (BeO) and magnesium zirconate (MgZrO,) 
coatings were investigated. Nine vacuum induction 
melts were made using these oxide refractory prepa- 
rations on graphite. The various experimental re- 
fractory combinations tried and the analytical data 
obtained by analyzing for refractory impurities in 
the induction castings, indicate that berylha and zir- 
conia are satisfactory coatings at 1480°C (the alloy- 
ing temperature of U-12 wt pct Mo). The zirconia- 
coated graphite melting technique increased the 
zirconium content in the casting by about 200 ppm 


Fig. 4b—Consumable arc remelt of casting shown at left 


500 X 


and the carbon content by about 240 ppm. Fig. 4 
shows micrographs from ingot No. XM-9 which is 
typical of the melts alloyed in ZrO,-coated graphite 
crucibles. Ingot No. XM-9 contained 250 ppm of 
carbon and 150 ppm of zirconium. Beryllia is a satis- 
factory coating on graphite, in that beryllium in the 
casting is less than 100 ppm and carbon about 250 
ppm, but because of its toxic properties and highet 
cost, it has not been used appreciably for melting 
U-12 wt pet Mo alloy. Where it is necessary to melt 
and alloy at temperatures above 1550°C, such as re- 
quired for making U-3.8 wt pet Si and U-10 wt pet 
Cb, beryllia-coated graphite melting refractories are 
superior to zirconia-coated ones. Analyses made on 
several U-12 wt pct Mo melts, which have been 
made in uncoated graphite, have shown the carbon 
in the alloy casting to be between 0.2 to 0.5 wt pet C 
Since it was desired to hold the carbon in the alloy 
below 500 ppm in order to keep total impurities low, 
the use of uncoated graphite crucibles was not pur- 
sued to any extent 


Table Il. Physical Properties of U-12 Wt Pet Mo 


Pet Blengation 
‘In One Inch) HKeduction 
in Area, 


Uniform Total Pet 


0.5 Vield, Ultimate, 
Pei 


Tempera 
ture, °F 


165,000 16 7 
104,000 18 sO 
102,000 60 47 


Room 165,000 
500 102.000 
700 98,000 


Fabrication 

Uranium-Molybdenum Alloys: 
Uranium-molybdenum alloys have not been adapt- 
able to most cold working operations, but hot work- 
have, in general, been performed 
Table III lists data to illustrate the 


Fabrication of 


ing operation 
atisfactorily 


mechanical properties of U-12 wt pet alloy in the y- 
The proximity of the yield and 
probably indicative of a char- 
some fab- 


quenched condition 
ultimate strengths 1 
acteristic that would lead to difficulty in 
rication operations for this alloy 

Press forging of U-12 wt pet Mo ha 
about 1950°F using reductions of %4-in. per pass 
Heating for forging has been done in ordinary elec- 
tric resistance furnaces and chloride salt baths 
Initial forging must be done cautiously until the cast 


been done at 


tructure has been properly refined, in order to avoid 
splitting the ends of the ingot. Ingots have also been 
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handled successfully on a Chambersburg impactor, 
which uses a hammer-type of operation with two 
horizontally opposed impeller 

Rolling of U-12 wt pet Mo has been limited, al- 
though some sheet and foil have been prepared by 
taking light passes at 1700°F. Heating was done 
both in air and chloride salt baths, but the latter was 
more desirable because oxidation was reduced. The 
foil was finished cold by taking several pinch passes 
on the material after pickling in dilute HNO, to 
remove the salt and oxide scale. The surface of the 
material was fair to good, but the yield was poor 
ince end and side splitting were quite severe 

Bar stock has been rolled with difficulty at 1700°F, 
since several passes were required through each 
groove before full reduction could be realized. A 
higher temperature, probably about 1900°F, would 
have been more satisfactory 

Most of the U-Mo fabrication has been done by 
Such extrusions have heen made by heat- 
ing 2.41, 2.55, and 4-in. diam billets, varying in 
length from 3% to 6% in., in a chloride salt bath 
between 1625° and 1775°F. The smaller billets were 
heated 15 min and the larger ones were heated 30 
min prior to extrusion. Generally the 4-in. diam 
consumably remelted ingots are hot extruded with- 
out surface conditioning. A weld conditioning treat- 
ment to eliminate the rough surface and small holes 
urface has been unsuccessful. These small 
holes are associated with the freezing of small 
droplets of metal splashed on the crucible wall dur- 
ing melting. In surface conditioning U-12 wt pet Mo 
ingots by this method, shrinkage cracks have always 
been noticed on the periphery of the ingot. The 
fusion welding surface conditioning method consists 
of mounting the ingot in a jig in a controlled atmos- 


extrusion 


under the 


phere chamber so that it can be rotated in such a 
manner that an overlapping spiral path can be re- 
melted under a welding torch. This method has been 
fully in conditioning zirconium and zir- 


used succe 
conium ingots 


Table IV. Extrusion Data of Various U-Mo Alloys 


Load, Tons K, Psi 
Extrusion 
Ken Kun- 
Start ning Start ning 


57.200 40,100 
56,700 $9,400 
62,900 46 B00 
52.000 41.200 
44,800 40,600 
3,800 44,800 
4.300 43,500 
wt px 
wt pet 7 25 10, 800 18,900 
}.12 wt pet Mo 
wt pet ¢ 


44,800 40,700 


The 2.41-in. diam billets were machined from 2.5- 
in. diam consumable remelts and the 2.55-in. diam 
billets from 3-in. diam consumable remelts. These 
billets were extruded to 0.50-in. diam from a 2.6-in. 
diam container for a 27:1 reduction ratio. The K 
factor for these extrusions was about 45,000 to 50,000 
psi. Table IV indicates some pertinent extrusion 
data obtained by extruding bare fuel from a 2.6-in. 
container to approximately 0.5 in 

The 4-in. diam billets have been extruded through 
2.312-in. diam dies for a reduction of 3:1. It is im- 
perative that a heated steel plug be placed ahead of 
the billet to minimize the tearing of the extrusion 
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If the reduction ratio is less than 10:1, this technique 
must be employed to avoid severe tearing and split- 
ting of the extrusion. The K factor for extruding 
billets of this nature was about 60,000 psi 

Lubricants used in extrusion have included many 
commercial preparations of graphite suspended in 
various vehicles, such as, Moly-Kote, a powdered 
MoS,, and Led-Plate which is lead powder sus- 
pended in grease. Of these Led-Plate has been 
most successful 

The best fuel alloy surfaces have been obtained 
when using hard chromium-plated steel dies of Alle- 
gheny Ludlum Atlas-A, Hot Die. Hardfaced dies 
also yield satisfactory extrusions. All dies used 
have a 45° approach angle and approximately a 10 
relief angle with a bearing land 3/16 in. long 

The only satisfactory swaging of uranium-molyb- 
denum alloys has been done hot. Rods heated to 
1625°F in a carbonate salt bath have been swaged 
with about 12 pct reduction per pass. Cold swaging 
breaks the rod in all directions. Drawing of U-Mo 
rod has been attempted both hot and cold with 
absolutely no success. 


Fabrication of Uranium-Columbium Alloys: The 
work on fabrication of uranium-columbium alloys 
has been considerably less than that done on 
uranium-molybdenum alloys. The U-10 wt pet Cb 
alloy has been forged successfully at 2000°F, while 
severe end splitting occurred during forging at lower 
temperatures 

Some rolling of U-10 wt pet Cb has been done at 
1400°F with good results using reductions not ex- 
ceeding 15 pet on each pass. Uranium-columbium 
alloys may be cold rolled up to about 10 pct per pass 
if the alloy is water quenched from the y phase 
region. Foil, 0.010-in. thick, has been prepared by 
hot rolling in a steel jacket and then cold rolling 
after quenching from 1650°F into water. The jacket 
is required to prevent oxidation and to protect the 
thin metal from embrittlement 

Results obtained during extrusion and rolling of 
uranium-columbium alloys with a protective jacket- 
ing indicate that these alloys are more easily fabri- 
cated than uranium-molybdenum alloys of the same 
alloy content. 


Fabrication of Uranium-Silicon Alloys: Very 
little work has been done on fabricating uranium- 
silicon alloys. The U-3.8 wt pct Si alloy, which is 
homogenized to produce the intermetallic compound 
U,Si, is extremely brittle and few fabrication tech- 
niques have been successful. This heat treatment, 
called epsilonizing, consists of a 168-hr anneal at 
800°C in an argon or helium atmosphere and results 
in U,Si being formed from two phases, uranium and 
U.Si,. Ordinary machining operations are difficult 
until after this treatment, and even the extrusion 
constant is lowered considerably. 

Attempts have been made, without success, to 
forge this alloy between 1200° and 2100°F. Even 
extremely small forging reductions shatter the billet. 
No attempts have been made to roll uranium-silicon 
alloys 

Rod has been extruded by heating 2.55-in. diam 
billets in a chloride salt bath at 1500° to 1550°F and 
extruding from a 2.6-in. diam container to 0.437-in. 
diam, a reduction ratio of 35:1. The K factor for 
these extrusions averages about 50,000 psi for initial 
upsetting and 42,000 psi during actual extrusion. 
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Recent Developments in Electrolytic Copper Refining 


Changes and additions made to the Canadian Copper Refiners Ltd. electrolytic 


refinery between 1949 and 1955 are reviewed. The effect of high current density on 


PERATING and physical changes which have 
been made to the electrolytic tank house of Ca- 
nadian Copper Refiners Ltd. suggest a review of 
present conditions. Previous papers’ * have described 
the general arrangement. Since then, expansion, 
closer anode spacing, and higher current densities 
have increased annual cathode capacity from 112,000 
to 182.000 tons 

A recent extension to the tank house, begun in the 
spring of 1954 and completed in August 1955, was 
undertaken to handle the monthly production of 
about 3,000 teus of anodes from Gaspé Copper Mines 

The anticipation of these additional receipts and 
large stocks of unrefined copper caused by the in- 
crease in custom smelting at Noranda made it nec- 
essary to increase production without immediately 
available additional cell capacity. Accordingly, from 
December 1954 through March 1955, the tank house 
was operated successfully at a current density of 
24.0 amp per sq ft. Again, as of September 1955, one 
of the two tank house circuits is being operated at 
this high density. Although other refineries may 
operate at current densities higher than 24 amp per 
sq ft, none ts doing so with anodes which contain 
silver and gold content as high as those being re- 
fined at Canadian Copper Refiners Ltd 


General Arrangement 

The original building consisted of two parallel 
bays, each 660 ft long and 60 ft wide, with a 24 ft 
pump bay extending along the west side of the 
building. A previous expansion, completed in 1939, 
was to the west of the original building and con- 
sisted of two 60 ft parallel bays 240 ft long. The 
length of these two bays was extended in 1954 to 
540 ft, adding one stripper and 12 commercial sec- 
tions to No. 2 electrical circuit. Space is still avail- 
able for an additional six commercial sections and 
one stripper section. Construction on these seven 


S. S. FORBES, Member AIME, is General Foreman, Silver Re 


finery, Canadian Copper Refiners Ltd, Montreal East, Quebec, 


Canada 
TP 4259D. Manuscript, Dec. 13, 1955. New York Meeting, Feb 


ruary 1956 


current efficiency and section work is discussed 


by Stuart S. Forbes 


sections started in September 1955, and will be com- 
pleted early in 1956. The tank house capacity will 
then be 206,000 tons of cathodes per yea 

In the two tank houses there is a total of 900 cells 
distributed as follow commercial, 468; stripper, 
36; total, 504 in the No. 1 tank house (No. 1 circuit) 
commercial, 360; stripper, 36; total, 396 in the No. 2 
tank house (No, 2 circuit). Section arrangement 


Table |. Comparison of 620 and 700 Lb Anodes 


#20 Lb Anode 700 Lb Anode 


Anode spacing, center to center, in 4 4 
Amp per cell 18,000 15,400 
Current det t mp per sq ft cathode 

urface 19.6 192 
Current efficiene pet 05.3 95.0 
Lb copper deposited per kw das 232 224 
Lb copper deposited per cell per day 1,085 w20 
Anode e, da 24 0 
\node scrap, pet 14 
Lb glue per ton cathode deposit 009 0.125 
Lb Avits per n cathode deposit 008 


consists of nine cells to a tier and two tiers or 18 
cells to a section. Anodes, weighing 620 Ib each, are 
cast with a Baltimore groove and are refined by the 
multiple system. Solution enters each cell through a 
bottom inlet at one end and overflows at the top of 
the opposite end. Rate of solution flow through the 
cells is controlled by valves at each section to 4.5 
gpm 

Electrical power to the tank house is now pro- 
vided by nine 675 kw motor generator sets. Each set 
consists of a 135-12 v 5000 amp de generator, driven 
by a 980 hp 2300 v synchronous motor. When No. 1 
circuit is operated at 22,000 amp, five sets, at 4400 
amp each, are connected in parallel. As the maxi- 
mum allowable current on No. 2 electrical circuit 
has recently been set at 18,000 amp, only four sets 
are connected in parallel on No, 2 circuit. A tenth 
set, now being installed, will be reserved as a spare 
for use in either circuit as required 


Recent Changes 
In 1949, the annual capacity of the tank house was 
increased from 112,900 to 132,000 tons by closing the 
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anode spacing from 4'% to 4 in. center to center. At 
the same time, anode weight was reduced from 700 
to 620 lb, and the number of anodes and cathodes 
per cell was increased from 42 and 43 to 48 and 49, 
respectively. To maintain the current density with 
the additional anodes, the current was raised from 
16,500 to 18,800 amp per cell. Since 1949, steady in- 
creases in current have been used successfully up to 
a maximum of 22,000 amp, or a current density of 
24.0 amp per sq ft at the cathode face. Various per- 
tinent data are shown in Tables I and IJ 


Table Ii. 620 Lb Anodes 


Current 
Efficiency, Pet 


Lb per 


Amp Load Current Density Kw Day 


232 
198 
190 


95.3 
80 


93.2 


18.000 19 6 amp per 
20,000 21.8 amp per sq ft 
22.000 24.0 amp per sq ft 


sq ft 


Referring to Table I, the maintenance of efficiency 
with the closer anode spacing and the higher current 
density was made possible by the use of Avitone A 
in conjunction with glue as an addition agent Avi- 
tone A is a sulfonated petroleum product produced 
by E. I. du Pont de Nemours Co. Inc. Its use as an 
addition agent is covered by U.S. patent No. 2,660,- 
555. Avitone A was adopted as a supplementary ad- 
dition agent in January 1952. Prior to that time, glue 
alone was used as the addition agent. Current effi- 
ciency was then about 92 pct at an 18,000 amp load, 
or a current density of 19.6 amp per sq ft 


Current Efficiency 


No major difficulties are encountered at Canadian 
Copper Refiners Ltd. when operating at a high cur- 
rent density. However, section inspection 
particularly important. By the use of two shifts of 
inspection from 7:00 a.m. to 11:00 p.m., current effi- 
ciency is maintained at a satisfactory level of 93 pct 
As is expected, the copper yield is affected and drops 
to 190 lb per kw day 

To aid in the maintenance of high current effi- 
ciency, the gau hort detector is used to 
supplement inspection by hand and millivolt meter 
This instrument, manufactured by A. J. Anderson 
Electric Co., Irvington, N. J., and used first by the 
U. S. Metals Refining Co.’s Carteret, N. J. refinery, 
has provided a rapid and accurate means of inspec- 
tion. However, the gaussmeter detect dead 
sheets due to magnetic fields from adjacent cathode 


becomes 


meter or 


cannot 
suspension rods 

High current efficiency is 
ing into the tank house schedule three-pulling se« 
tions, from which three crops of cathodes 
are pulled from a single anode loading. The number 
of three-pulling sections is limited by the availabil- 
ity of sheets and by the work load. The 
three-pulling sections distributed throughout 
the tank house so that each pair of sectionmen has 
two three-pulling and two two-pulling sections to 
attend. As the second and third runs of three-pull- 
ing sections require attention, the 
are able to devote more time to the two-pulling sec- 
tions. A typical schedule, that for the month of 
October 1955, is shown 

The higher efficiency obtained through the use of 
three-pulling largely attributed to 


also aided by introduc- 


sections 


tarting 


less ectionmen 


ections may be 


the second pulling. Current efficiency for the second 
cathode pulling averages more than 96.5 pct at 
22,000 amp, and more than 98 pct at 18,000 amp 


Fig. 1—Typical cathode sections: upper left, first run 
cathode produced at cathode density of 19.6 amp per sq ft; 
lower left, mud run cathode produced at cathode density 
of 196 amp per sq ft; upper right, first run cathode pro 
duced at cathode density of 24 amp per sq ft; and lower 
right, mud run cathode produced at cathode density of 24 
amp per sq ft 


Tables III and IV give comparative data, Avitone A 
and glue, in the amount of 0.09 lb each per ton of 
cathode deposit, were the addition agents. Current 
efficiency is based on 0.06274 Ib Cu deposited per 
amp day at 100 pet current efficiency 

Fig. 1 shows typical cathode deposits obtained at 
currents of 18.000 22,000 First run and 
mud run cathodes were selected 


and amp 


Section Work 
arranged so that six sectionmen 
ponsible for the condition 


Section 
and one inspector are re 
of 12 All and 
under the supervision of one inspector foreman who, 
directly to the department head 


work 1s 


ection ectlonmen inspectors are 


in turn, report 


Table I1i. Current Efficiencies at Various Current Densities, Pct 
19 6 Amp Amp 740 Amp 
per Sq Ft per Sq Ft per Sq Ft 

T'wo-pulling sectior 94.5 #24 

Three-pulling sectior 960 

Average 95 3 94.0 94.2 
When operating at currents of 20,000 amp and 


over, two shifts of inspection from 7:00 a.m, to 11:00 


p.m. are used to maintain current efficiency. No in- 
pection is carried on the 11:00 p.m. to 7:00 a.m 
night shift. At currents below 20,000 amp, afternoon 
inspection is eliminated except for one inspector and 
three sectionmen for the entire tank house, Section 
loaded during the day with anodes and cathodes are 


checked by thi 
Each pair of 
to fou! 


crew 
ectionmen 


even numbered tiet 


igned 
the 


ections 


permanently a 
ectionman take 
of the a 


ection care of 


odd o1 igned 
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This arrangement enables the department head to 
follow the performance of any individual section- 
man. To foster a competitive spirit, current efficien- 
cies are posted daily 

Section inspection begins as soon as the current Is 
connected to a section when the cutout bar is re- 
moved. The section is first checked by a short detec- 
tor to locate any short circuits quickly. The use of 
the millivolt meter has not proved to be effective at 
this stage. The presence of a high number of hot 
sheets in a cell lowers the anode to cathode voltage 
to such a level that it is difficult to detect a voltage 
variation. Feeling of cathode suspension rods by 
hand has not been successful, either, as at high cur- 
rent density the rods are hot to the touch even when 
carrying normal! current 

After the short circuits are eliminated, the milli- 
volt meter is used to detect nonfunctioning or dead 
sheets which the short detector has not located 
Subsequent inspection utilizes the short detector, 
with millivolt meter readings taken once every shift 
on which inspection is used 

The prime virtue of a short detector for section 
work is the ease and accuracy with which a section 
is inspected. A sectionman, with a short detector, 
can examine a full section or 882 cathodes in 15 min 
This compares with 40 min by millivolt meter read- 
ings and 60 min by hand feeling. Before adopting the 
gaussmeter, it was possible for the sectionmen to 
check the sections only twice a shift, whereas with 
this instrument each section is inspected from fou 
to five times. This frequent inspection and correction 
is largely responsible for achieving the high current 
efficiency 

When the tank houses are operated at a current of 
18,000 amp, 2.26 manhours per ton of cathode pro- 
duction are required, of which 22 pet or 0.50 man- 
hours is used for section inspection. However, when 
the current is raised to 22,000 amp and section in- 
spection is increased to two shifts, a total of 2.64 
manhours per ton of cathode production is used 
Section inspection at 22,000 amp accounts for 0.80 
manhours, or 30 pet of the total manhours 


Addition Agents 

A program for the continual development and 
evaluation of better or more suitable addition agents 
leads not only to the use of Avitone A, but also to 
Polyvinyl Alcohol (P.V.A.). A patent has been ap- 
plied for to use P.V.A. as an addition agent. This 
agent, in conjunction with glue or glue and Avitone 
A, proved to be satisfactory for high current density 
operations by aiding in the maintenance of good effi- 
ciencies. However, because of the corrugated nature 
of the cathode deposit, P.V.A. cathodes were not sat- 
isfactory for melting in an electric arc furnace, al- 
though they were suitable for refining in the rever- 
beratory-type wire bar furnace. It is believed that 
the cathode deposit obtained with P.V.A. entraps a 
lot of electrolyte and, as a result, sulfur and moisture, 
which adversely affect the quality of electric arc 
furnace cakes cast from these cathodes. As there is 
no refining in an electric arc furnace used for the 
direct melting of cathodes, it has been found that 
cathodes with an average analysis of greater than 
0.0020 pet S require excessive oxygen and cause dif- 
ficulty in maintaining an acceptable set surface 

At first, it was felt that when the tank house was 
operated at high current density no increase in addi- 
tion agents would be required, due to the grain 
refinement by the current density. It was found, 
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however, that extra quantities of addition agents 
were required in proportion to the increase in the 
amperage. Final small adjustments to the amounts 
of addition agent are made according to the physical 
characteristics of the cathode deposit 

When operating at currents from 18,000 to 22,000 
amp, consumption of addition agents is approxi- 
mately 0.09 lb of glue and 0.09 lb of Avitone A per 
ton of cathode production. No salt or hydrochloric 
acid is used with Avitone A. During its manufacture, 
Avitone A is neutralized with hydrochloric acid and, 
because of this, contains sufficient chlorine to main- 
tain the concentration of the tank house electrolyte 
at the desired 0.0020 to 0.0025 pct chlorine 

Evaluation of addition agents is first conducted in 
the research laboratory. This is done in modified 
Haring cells where tank house conditions are dupli- 
cated as closely as possible. Test electrolytes are nor- 
mally made from wire bar copper and CP sulfuric 
acid and contain 190 gpl H,SO, and 44 gpl Cu. The 
electrolyte temperature is maintained at 150°F 

Addition agents giving favorable deposits are 
then tried in a separate full sized experimental sec- 
tion in the tank house, This section has an independ- 
ent electrolyte circulation system, but is connected 
to the regular No. 1 electrical circuit. Final evalu- 
ation is based on results obtained in this section 

To date, over 300 addition agents have been tried 
in the research laboratory. Of these, 30 have been 
considered as worthy of tank house tests in the ex- 
perimental section. So far, after appraisal under 
operating conditions, only Avitone A and P.V.A. 
have proved satisfactory for general use 


Table IV. Current Efficiencies for Cathode Runs at a Current 
Density of 24.0 Amp per Sq Ft, Pct 


Twoe-Pulling Sections Three-Pulling Sections 


Ist run 

2nd run 
Mud run 
Average 


Once an addition agent has given encouraging 
possibilities, various combinations with glue or with 
glue and Avitone A are tried to determine the most 
suitable ratios. Current efficiency, copper yield, 
physical appearance, and sulfur content of the cath- 
odes are evaluated. Depending upon the results, the 
addition agent is either accepted or discarded 
Should its performance warrant it, the addition 
agent is tried in a circulation comprised of about 
twelve commercial sections. Finally, the addition 
agent is used in either or both tank houses, or its use 
is discontinued entirely. This procedure was fol- 
lowed in the development of both Avitone A and 
P.V.A. as addition agents 


Silver and Gold Losses in Cathodes 


As the silver and gold content of the anodes re- 
fined at Canadian Copper Refiners Ltd. is relatively 
stable, it is possible to observe the effect that in- 
creased current density has on the metal losses, Un- 
fortunately, the range of current density is restricted 
by the operating conditions. The data obtained are, 
therefore, limited 

To avoid any cathode surface irregularities which 
might lead to unrepresentative assays, sample wire 
bars and cakes are used for determining the silver 
and gold losses. For comparative purposes and to 
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compensate for any variation in the anode analyses, 
the losses are expressed as a percentage by applying 
the average anode analysis and the weighted wire 
bar and cake analyses to the cathode production. 
Cathode metal losses at various current densities 
are: silver loss 1.0 pet at 19.6 amp per sq ft, 1.23 
pct at 21.8 amp per sq ft, and 1.58 pct at 24.0 amp per 
sq ft; gold loss—0.53 pct at 19.6 amp per sq ft, 0.55 
pct at 21.8 amp per sq ft, and 0.65 pct at 24.0 amp 
per sq ft. As the current density increases the cath- 
ode deposit becomes rougher, with the result that 
the mechanical occlusion of settling slime increases 
From the aforementioned figures, it is evident that 
with increasing current density the percentage of 
metal loss increases. This is particularly true in the 
case of silver, though less true for gold, probably 
because gold is present in an uncombined state, The 
uncombined gold settles faster, lessening the possi- 
bility of entrainment in the cathode deposit 


Solution Control 


With the increase in custom smelting at Noranda 
Mines Ltd., there has been an increase of the impuri- 
ties, particularly nickel, in the Noranda anodes and, 
therefore, in the tank house electrolyte. To maintain 
the concentration of the electrolyte below 18 gpl Ni, 
it has been necessary to withdraw from the circula- 
tions an amount of nickel at least equivalent to that 
being introduced to the tank house electrolyte by the 
Noranda anodes. Electrolyte withdrawn for purifi- 
cation is passed through a set of liberator cells 
arranged in cascade, in which the copper is depleted 
by means of insoluble lead anodes and copper cath- 
odes. The discharged electrolyte or weak acid, ana- 
lyzing 1 gpl Cu, is concentrated under vacuum, 
cooled for nickel sludge removal, and centrifuged to 
filter off the concentrated acid. This acid is recycled 
to the tank house 

Aside from the necessity for withdrawing elec- 
trolyte for purification purposes, continuous control 
of its copper content is maintained. For this purpose, 
the standard practice of introducing liberator cells 
into the regular commercial sections is followed 
Normally, the copper concentration of the commer- 
cial circulations is held between 41 and 48 gpl Cu 
As these limits are approached, liberator cells are 
withdrawn or installed 

In 1949 the free acid content of the electrolyte was 
reduced from 210 to 190 gpl in an attempt to over- 
come the passivity of Noranda anodes. At that time, 
the copper content was increased from 41 to 45 gpl 
The reason for the passivity of Noranda anodes is 
believed to be an insufficiency of slime, which tends 
to form an insoluble barrier on the anode surface 
rather than sloughing off and exposing a fresh anode 
surface. Striking the anode lugs with a hammer low- 
ers the voltage, indicating that a surface film is dis- 
lodged. As an additional measure to aid in keeping 
passivity at a minimum, the cell inlet electrolyte 
temperature is maintained at 150°F 


Electrolyte Heating 

During the past year, there has been a steady con- 
version from low pressure (15 to 20 psi) lead coils 
to high pressure (90 to 100 psi) stainless steel plate- 
type coils. The latter coils, manufactured by Trantor 
Manufacturing Inc., Lansing, Mich., under the trade 
name of Platecoil, are of type 316 stainless steel 

Platecoils were originally installed in the stripper 
circulation system where solution heating capacity 
was critical. The use of this type of coil has been 
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Fig. 2—Platecoil installation in electrolyte heating head tank 


gradually extended to the point where all lead coils 
have been replaced 

Through the use of Platecoils and high pressure 
steam there has been a marked improvement in the 
capacity for heating of the electrolyte. Plate-type 
coils, because of their physical dimensions, occupy 
50 pet less space than do low pressure coils of equiv- 
alent heating capacity 

In addition, the plate-type coils require less main- 
tenance than was formerly necessary with lead coils 
With the reduced maintenance, fewer heating and 
cooling cycles are imposed on the lead linings of the 
head tanks. Although it is too early to make a com- 
parison, indications are that maintenance of the lead 
linings of the head tanks has been reduced. As yet, 
no data are available on the comparative steam con- 
sumptions. Fig. 2 shows a typical Platecoil installa- 
tion in one of the lead lined head tanks. There are 
six coils per head tank 


Experience Gained at High Current Density 


From experience gained at high current density, 
it became increasingly evident that the cathodes 
produced at these densities were not suitable for 
electric furnace use despite the reversion to the reg- 
ular addition agents of glue and Avitone A. Cathodes 
tended to be nodular and rough, with the result that 
an undesirable amount of electrolyte and, therefore, 
sulfur, was entrained in the cathode structure, The 
sulfur content of the cathodes was about 0.0025 pet 
or higher. To achieve a satisfactory set on vertically 
cast shapes, a correspondingly unacceptable high 
oxygen content of 0.064 pct was necessary. No im- 
mediate solution was apparent other than the reduc- 
tion of the current density to a level where a uni- 
formly dense cathode structure could be assured 

It was therefore decided that the current on the 
No. 2 circuit would be restricted so as not to exceed 
a cathode current density of 19.6 amp per sq ft 
Cathodes from this circuit are reserved for shipping 
cathodes and for charging the electric furnace. The 
amperage of No. | circuit is varied according to the 
tonnage of copper to be refined. Cathodes from No 
1 circuit, when it is operated at high current density, 
are restricted for wire bar charge material 

If cathodes are to be directly melted in an electric 
are furnace, high current density operations are not 
advisable, because of the moisture and sulfur con- 
tent of the cathodes. However, if these cathodes are 
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to be refined in a reverberatory furnace, high cur- 
are practical and, as a meas- 


when capacity 1s 


rent density operation 
ure to refine additional copper 
otherwise limited, decidedly economical 
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Vapor Pressure of Liquid Copper 
And Activities In Liquid Fe-Cu Alloys 


The od method was used to measure the vapor pressure of copper over liquid 


copper and Fe-Cu alloys 


From these results, the activity of copper in the alloys was 


determined at 1466°, 1550°, and 1600°C. Calculations of the activity of iron were made 
from the results for copper. The activities of copper and iron show strong positive devia- 


tions from Raoult’s law. 


by J. P. Morris and Glenn R. Zellars 


NOWLEDGE of vapor pressures of liquid metals 
has both practical and theoretical value. Fum- 
ing of metal baths is directly related to vapor pres- 
sure, and the data should be particularly important 
to the technology of vacuum metallurgy. Theoreti- 
cal applications include determinations of heats of 
vaporization, heats of solution, and activity coeffici- 
ents in alloys 
Methods for measuring vapor pressures of metals 
have been reviewed by Speiser and Spretnak.’ High- 
vacuum Langmuir and 
Knudsen methods, have been used most widely in 
However, these methods are not ap- 
plicable to vapor pressures greater than 10° mm Hg 
and often cannot be used in the temperature range 
of greatest interest 
The purpose of this investigation was to develop 
a procedure for measuring vapor pressures of pure 
metals and alloys that would be applicable to pres- 
mm Hg. The transportation 
Copper was 


procedures, such as the 


recent years 


sures greater than 10 
or carrier gas method has been used 
chosen for the initial work because its vapor pres- 
sure has been established fairly well and the re- 
liability of the technique could be ascertained. Ap- 
plicability to alloys was studied by determining the 
vapor pressure of copper over liquid Fe-Cu alloys 
Experimental Procedure 

The tests were carried out in a graphite-spiral 
resistance furnace. The charge consisted of 50 g of 
covered sintered-alumina 


metal contained in a 
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Condensing tube Gas inlet tube 


Alumina radiation sheild 
| 


Crucible and melt 


Sight hole for 


optical pyrometer Graphite radiation sheild 


Graphite support 


Fig. |—Arrangement of crucible, gas tubes, radiation shields, 
and crucible support 


2 ID. Two sintered- 
alumina tubes led from outside the furnace to with- 
in the crucible, passing through close-fitting holes 
in the crucible cover and radiation shield. The ar- 
rangement of the crucible and the two alumina 
tubes is shown in Fig. 1. 

The small-bore tube (1/16 in. ID by 5/16 in. OD) 
served as the inlet for the carrier gas. The tip of this 
tube touched the metal surface and the flow of gas 
imparted a rippling motion to the metal. In this 
manner the gas was brought into close contact with 
the metal and became saturated with metal vapor 
In most of the tests the flow rate of the carrier gas 
was 560 ml per min, measured at room temperature 

Approximately half of this saturated gas was 
allowed to escape from the crucible through the 
second alumina tube (3/16 in. ID by 5/16 in. OD) 
and was discharged to the atmosphere through a 


crucible % in. deep and 1% in 
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Fig. 2—Vapor pressure of liquid copper is shown in graph 


calibrated wet test meter. The metal vapor present 
in this portion of the gas condensed on the inside 
wall of the alumina tube. An excess of carrier gas 
was used to maintain a positive pressure within 
the crucible 

In preparing for a test, the furnace was brought to 
the working temperature and a condensing tube was 
inserted through a rubber stopper in the top of the 
furnace. A stream of carrier gas was passed down- 
ward through the condensing tube to keep out metal 
vapor until the test was started. Sampling of the 
saturated gas in the crucible was begun only after 
thermal equilibrium had been re-established 

After the test the condensed metal in the alumina 
tube was dissolved in acid and the weight of metal 
determined by chemical analysis. The vapor pres- 
sure was calculated by means of the following equa- 
tion 


P [1] 


where p is the vapor pressure of the metal, P is the 
total pressure within the crucible, and n, and n, are 
the number of moles of vapor and carrier gas, re- 
spectively. Copper vapor was assumed to be mon- 
atomic 

Temperature Control 
changes rapidly with temperature, 
must be controlled closely. In this investigation tem- 
perature was controlled with the aid of a pilot fur- 
nace of very small heat capacity connected parallel 
to the power supply of the working furnace.’ A 
chromel-alumel thermocouple in the pilot furnace 
actuated an on-off temperature controller. The con- 
troller alternately increased and decreased the 
power input to the two furnaces by about 5 pct in 
a 25 to 30 sec cycle. Fluctuations in line voltage 
caused the lengths of the heating and cooling periods 


Since vapor pressure 
temperature 
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of this cycle to vary in a manner which tended to 
maintain a constant temperature within the pilot 
furnace 

The pilot furnace served as an anticipating device 
by responding to voltage changes very quickly 
Small temperature fluctuations in the pilot furnace 
were dampened out in the large furnace because of 
its slower heating and cooling rate. After the work- 
ing furnace had reached thermal equilibrium, its 
temperature remained constant within +1°C 

Temperature Measurement—-Temperatures were 
measured with a total radiation pyrometer sighted 
through a quartz window onto the radiation shield 
below the crucible. The graphite support for the 
crucible served as a sight tube for the pyrometer. To 
eliminate fumes from the optical path, a stream of 
inert gas was introduced immediately above the 
quartz window and flowed up the support tube 
Toward the end of each test the radiation pyrometet 
was removed and optical pyrometer readings were 
taken through a \% in. hole in the radiation shield 

The relation between the optical and radiation 
pyrometer readings and the true temperature in the 
crucible was determined by freezing point deter- 
minations, using high purity iron, nickel, and man- 
ganese. The calibration set-up was identical to that 
of the vapor pressure tests except that the condens- 
ing tube was omitted and the hole in the lid was left 
open so that freezing of the metal could be ob- 
served. Temperature control was so exact that solid- 
liquid equilibrium could be maintained for an in- 
definite period 


Table |. Vapor Pressure of Liquid Copper and Heat of Vaporization 


at Absolute Zero 


Copper in 
Tempera Con Mol iH 
ture Carrier densate Carrier sure, Cal 
Gas Me Gas Mm Hg per Mol 
Helium 168 1 6351 0034 80,202 
Heliun 4.07 12104 0.039 80,1344 
Argo +22 0 5365 70.041 
Argor 133 0 5305 0.072 80,097 
Heliun 6.48 0 8649 0.005 80 S85 
He ant 744 0 5500 0.156 80 388 
7.3 0.5469 0.157 80,435 
Argor 05326 O.178 80,080 
Argor 4.18 05402 0.181 80,075 
Argor 8.58 0.5469 0.183 80,116 
Argor 942 05454 0.201 80.242 
144 0 53340 0416 80,102 
Argor 15.2 05549 0 432 80,115 
Argor 152 0 5450 0.332 80,160 
Argor 054341 0416 80,316 
Helium 209 0 5446 0.447 80,357 
Heliun 206 0 5446 0.441 80,412 
Argor 224 0.52325 0.497 80,270 
He tpetH 46.7 1 0420 0544 80,233 
245 0.4218 0678 80,318 
Argon 0.4108 0 80,172 
Argot 15.4 04176 0.997 80,346 


The maximum uncertainty in temperature meas- 
than 3°C in the temper- 


urement was probably les: 
ature range between 1425° and 1560°C. Thi 
includes the iron and nickel calibration points, At 
higher and lower temperatures the maximum un- 
certainty probably did not exceed 5°C 

Saturation of Carrier Gas—-The most important 
method is attaining 
The procedure de- 


range 


consideration in the carrier gas 
aturation of the ga tream 
cribed for bringing the gas into intimate contact 
with the metal wa 
on the distribution of sulfur between liquid iron and 
ulfide-hydrogen mixtures. These tests in- 
particular reaction 


used in a previous investigation 


hydrogen 
dicated that equilibrium for thi 
was attained during the brief period of contact," 
earlier work that suggested the use 


and it was thi 
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Fig. 3—Vapor pressure of copper over liquid Fe-Cu alloys 


of the same technique for measuring vapor pressures 
of liquid metals 

Lepore and Van Wazer’ have shown that the ap- 
parent vapor pressure given by the carrier gas 
method is dependent on the flow rate. At low flows 
diffusion of the vapor causes high results, and at 
high flows low result 
tion is too slow to saturate the gas stream. However, 
the method gives the true vapor pressure in the 
range of flows where the measured values are in- 
dependent of flow rate. In the present work tests 
run at flow rates of 500 and 1000 ml per min gave 
identical results. Therefore, we have assumed that 
saturation of the gas stream was obtained 

In addition to varying the flow rate, the effect of 
changing the nature of the carrier gas was studied 
Fonda® has reported that the rate of evaporation 
from a tungsten filament is less in argon than in 
nitrogen, The present results were found to be in- 
dependent of the gas used, a further indication that 
saturation was obtained. The gases tried were argon, 
nitrogen, helium, and helium containing 3 pet H 

Condensation of Metal Vapor—-Condensation of 
metal vapor occurred over a 4 in. length of the 
alumina tube, starting about 1 in. from the tip. The 
greater part of the condensate formed as tiny drop- 
lets uniformly distributed over the inner surface of 
the tube. The droplets were largest toward the lower 
end and became progressively smaller toward the 
top. A small fraction of the vapor condensed directly 
to the solid state at the top of the deposit 

To prevent condensation from occurring on the 
crucible wall and lid before the gas reached the 
condensing tube, the crucible was placed in a slight 
temperature gradient with the lid at the hottest 
level 

There was no evidence that any of the vapor 
passed through the alumina tube without condens- 
ing on the wall. To check this possibility a molecular 
filter designed for air pollution studies’ was con- 
nected to the outlet of the condensing tube in several 
tests. No copper could be detected on the filter after 
these tests 


are obtained because evapora- 
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Chemical Analysis—Copper deposits were dis- 
solved from the condensing tubes by repeated wash- 
ings with hot, dilute nitric acid. When the deposit 
contained iron, final treatment was made with hy- 
drochloric acid. To obtain complete recovery of the 
condensed metal, it was essential that tubes having 
dense, nonporous structures be used 
Copper was determined by measuring the absorb- 
ance of the ammonia complex with a Beckman 
Model B spectrophotometer, using a wave length of 
615 my. Iron was first removed from the solution by 
double precipitation with ammonia and filtration 
through a porcelain fritted crucible 
Copper in the Fe-Cu alloys was determined by the 
iodide method. The change in composition of a melt 
during a test was small and could be estimated from 
the weight loss of the melt and analysis of the 
condensate 
Results for Copper 
The data for liquid copper are shown in Table I 
and Fig. 2. In Fig. 2 the straight line through the 


experimental points can be represented by the equa- 


tion 


10g Pan 16,050/T + 8.541 [2] 


The slope of this line corresponds to 73,430 cal per 
mol as the heat of vaporization of liquid copper over 
the temperature range covered 

A common basis for comparing the present data 


Table 11. Comparison of Results for Copper with Data of Other 
Investigators 


Vapor Pressure 
at 
Cal Calculated 


Temperature 
per Mol from Mm 


Range, °C 


80.220 0.310 
80,290 0.305 
81,080 0244 
81.000 0250 
79,640 0.367 
#1580 0.213 


1332 to 1606 
870 to 1019 
969 to 1290 
995 to 1047 
1083 to 1192 
1146 to 1190 


This investigation 
Edwards et al 
Hersh 

Marshall et al 
Marshall et al 
Harteck 


Fig. 4—Activity coefficient of copper in Fe-Cu alloys at 
1550°C. 
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Fig. 5—Activities of copper and iron in Fe-Cu alloys at 
1550°C 


with the results of other investigators is afforded by 
calculating the heat of vaporization at absolute zero, 
AH,”. The procedure for performing this calculation 
from calorimetric and spectroscopic data been 
outlined by Kelley.” The heat 
data for copper are given by Kelley’ and Giauque 

The values of AH, for the present 
work are included in Table I. The mean is 80,220 cal 
per mol Cu, and the standard deviation is 137 cal. At 
1500°C the standard deviation corresponds to 0.01 
mm Hg in vapor pressure, or about 3.5 pet 

Using the mean value of AH,’, a theoretical vapor 
pressure curve for copper was calculated. It is shown 
by the dashed line in Fig. 1. The slope of the theore- 
tical curve is consistent with current heat capacity 


has 


necessary capacity 


calculated 


Table II. Vapor Pressure of Copper Over Liquid Fe-Cu Alloys 


Mol 
Carrier 
(ras 


Vapor Pressure 
of Copper. 
Mm He 


Tempera 
ture 


Copper in 
Condensate 
Me 


Mol Fraction 
of Copper 


100 


0.0269 0.7614 


0.7575 
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Fig. 6—Effect of temperature on the activity of copper in 
Fe-Cu alloys and comparison with values calculated by 
Chipman for 1600°C 


olid, liquid, and gaseous copper. The devia 
between the theoretical and experimental 
the result of a slight trend in the AH 
temperature, This trend be ac- 
uming a systematic error in tem 
perature measurement totaling 5°K over the tem 
perature range of the experiment However, this 
assumption implies that the heat capacity data are 
no other experimental errors 
A comparison of the ent results for copper 
with those of other investigators is given in Table II 
On the basis of heats of vaporization at absolute 
zero, all of the agree well, since the 
maximum variation 1 
A much 
calculating 


data for 
tion 
curves 15 
values with 
counted for by as 


can 


exact and there were 


pre 


investigation 
only 2.5 pet 

ensitive comparison is afforded by 
ome temperature 
calculated 
Excellent 
results 


more 
the ure at 
Vapor 
are given in the final column 
between the authors’ 
Johnston, and Ditmars.” The 

obtained by Marshall, 
olid and liquid copper also 
agree well with the present work. However, the re- 
ults of Hersh” and Harteck" lower than the 
present values by 21 and 31 pet, respectively. It is 
interesting to that a 1000 cal in 
\H, is equivalent to a 25 pet change in vapor pres- 
ure at 1500°C 


Vapor pre 


using each value ure 
for 1500 C 
agreement 1 
und those of Edward 
mean of the two value 


Dornte, and Norton’ for 


pre 


hown 


are 


note variation of 


Results for Fe-Cu Alloys 


for the vapor pressure of 
Table Ill 


The experimental result 
copper in liquid Fe-Cu alloys are given in 
Straight-line plots of these data for each alloy 
ition are shown in Fig. 3, along with the 
for Because of the limited 
number of tests at each composition, the of the 
tablished as precisely as the 
In constructing an individual 
favored that gave 
neighboring 


po corre 


ponding line pure coppet 
lope 
line not e 


lope for pure coppet! 


alloy were 


line, the experimental points were 


a“ lope consistent with the slopes of 


line 
Using 
tivity 


activities, and ac 
the alloy 


referred to 


Fig. 3 
coefficients for 
for 1550°C 
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= 
0.0265 1803 6.44 0 099 ae 
0 0260 1841 6.28 0 5399 0.136 
0 0442 1811 7.07 0.5134 0.161 
0 062 1812 11.7 0 6328 0.212 
0 062 1810 11.8 0.6312 0.215 | 
0.061 1846 12.9 0 5258 0.281 
0 060 1842 12.4 0 5256 0.271 
0 089 1816 12.1 0 5275 0.269 
0.088 1817 11.8 0.5194 0.267 
0 088 185! 16.2 0.5179 0.367 aes: 
014 1755 6.38 0 5538 0.178 
O14 1757 8.07 0.550 0.173 
0142 183 19.1 0 5463 0411 
0.142 1838 0.5458 0418 
0.171 1817 16.0 0 5276 0.353 aa 
0.171 1841 20.1 0.5240 0447 
0.217 1816 16.8 0.540% 0.364 
0.217 1816 16.8 0.5374 0.365 | 
6.216 1838 26 0 6415 0472 
0.328 1751 0 6452 0199 
0.327 1829 18.8 0 4820 0 452 ; 
0 467 1752 994 0.5438 0.213 
0.467 1755 994 0.5414 0.214 
0 467 1826 21.3 0 5392 0 461 
0 466 1829 22.1 0.5584 0478 
0 626 1744 109 0 6486 0.196 
0 626 1748 112 0 6488 0.200 
0 626 1825 22.9 05414 06491 
0 626 1828 234 0 5415 0 502 
0.792 1729 949 0 66350 0.168 
0.792 1744 919 0 5455 0.198 a 
0.792 1829 244 0 6433 0.516 sca. 
BF3 1727 7.77 05413 0.166 
0 883 1729 799 0.5407 0.171 
0 BBS 161¢ 219 0 539 0 470 
0.88 214 0.5376 0.461 


liquid copper as the standard state. These quantities 
are related in the following manner 


Pes 


[3] 


and N, 
ent, and mol fraction of copper, respectively; po, is 
the pressure of copper over the alloy; and p”., is the 
vapor pressure of pure copper at the same tempera- 
can be obtained directly 


where are activity, activity coeffici- 


ture, The quantity log a, 


from the graph since 


log a, log log [4] 


The results are given in Table IV 

Activity of Iron at 1550°C—For calculating the 
activity of iron from the data for copper, an analyti- 
cal method described by Hildebrand” was used. In 
this method an empirical equation which fits the 
experimental data for one component is derived and 
a corresponding equation for the other component is 
obtained by applying the Gibbs-Duhem relation 
The two equations take the following forms 
1/2b0N 4+ 1/4d 4 


1/2 (b4+ec4d) N; 
1/3 (c+2d) N+ 1/4dN/ 4 


log y 


log 


By employing the data given in Table IV for 


Table 1V. Vapor Pressure, Activity, and Activity Coefficient of 
Copper in Fe-Cu Alloys at 1550°C 


Vaper 
Vressure 
Mm Mg 


Mol Fraction 
of Copper 


Activity 


Activity CoeMicient 


1000 1 000 
0 1.045 
702 1.121 
“20 1.390 
y 1.758 
2.206 
217 1359 
142 4648 
Onn 5.920 
6.951 
0442 7.353 
0265 0.216 8.151 


or 
10.1 (extrapolated) 


1550°C, the following equations for copper and iron 
were obtained 


log 1.4504 N,, 1.8607 + 14131 [7] 


low 1.4856 — 1.9076 + 1.4131 [8] 


Three terms of Eq. 5 were sufficient to give a very 
A plot 
hown in Fig. 4. The smooth curve 
drawn through the experimental points is a plot of 
Eq. 7. Solving Eq. 7 with N,. equal to unity gives 
10.1 for the activity coefficient of copper at infinite 
dilution with pure liquid copper as the standard 
state 

Curves representing the activity of copper and 
iron were derived from Eqs. 7 and 8, and are shown 
in Fig. 5 together with the experimental values for 
copper. The two curves are almost symmetrical, and 
show large positive deviations from Raoult’s law 

Effect of Temperature on Activity of Copper—The 
effect of temperature on the activity of copper in 
iron is shown in Fig. 6 by activity curves for 1466 
1550°, and 1600°C. The curve for 1600°C was cal- 
culated from an extrapolation of the straight lines 


close fit to the experimental data for copper 
of log 
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in Fig. 3. In Fig. 6 the activity curves become flatter 
as temperature increases and the deviations from 
ideal behavior become smaller. This is in agreement 
with the usual effect of temperature on activity. The 
slope of the 1600° curve at infinite dilution corres- 
ponds to an activity coefficient of 8.6 as compared 
with 10.1 at 1550°C. 

Also shown in Fig. 6 are activity values for cop- 
per for 1600°C calculated by Chipman” from a con- 
sideration of the phase diagram of the Fe-Cu system 
Considering the approximations necessary in making 
these calculations, the agreement with the present 
work is very good. 

In regard to the influence of temperature on ac- 
tivity it should be noted that only a short range of 
temperature was covered in the experiments with 
the iron-rich alloys. Determination of the vapor 
pressure curves for these alloys over a wider tem- 
perature range is planned so that the partial molar 
heats of solution of copper can be established. 


Summary 

1) Vapor pressures over liquid metals and alloys 
are often too great to be measured by the commonly 
used methods. A technique was developed for meas- 
uring these pressures by the carrier gas method 

2) The method was used to determine the vapor 
pressure of pure copper at 1332° to 1606°C. The 
results can be represented by the equation 


Pan 16,050/T + 8.541 


3) The vapor pressure of copper over liquid Fe- 
Cu alloys was measured, and the results were used 
to calculate the activity of copper at 1466 
and 1600°C 

4) The activity of iron at 1550°C was calculated 


1550", 


from the results for copper 
5) The activities of both copper and iron show 
strong positive deviations from Raoult’s law. 
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Technical Note 


T has been observed by Grange and Garvey’ that 

the homogenization of boron-treated steels could 
lead to complete elimination of the hardenability 
effect caused by boron. The experimental conditions 
leading to this conclusion involved the heating of 
steel specimens with and without boron at 2350°F 
for 24 hr. To prevent oxidation and decarburization, 
the specimens were encapsulated under vacuum in 
silica tubes. This observation of permanent deteri- 
oration of boron effect was noted in both a 0.63 pct 
plain carbon steel and a 0.25 pct C low alloy steel, 
both of which had been treated with ferroboron and 
homogenized at 2350°F for 24 hr. In another series 
of boron-treated steels which had been homogenized 
for shorter times, the effect was to reduce, but not 
completely eliminate, the boron effect. Under these 
circumstances, it was presumed that longer heating 
times would cause permanent deterioration of the 
boron effect in this series of steels also. Since the 
characteristic grain boundary constituent could not 
be formed in any of these steels after homogeniza- 
tion, it was concluded that possibly boron was being 


Table |. Analysis of Republic Steel Corp. Heat E-38720* 
Mn 


F-38720 085 0015 OO198 
idle 
tA 95 ORD 


Grainal 


0 0000 


* Heat had inaly f 8640 pecial ingot treated wit? 

nal B 79. SA repr t se analysis; 3A represents base plus 
b per tor 

No. 79 list the ym 

Al, 4 pet Zr, & pet N 


composi 


In, 5 pet Si 


converted into an ineffective form through chemical 
combination resulting from prolonged heating at 
high temperatures. Assuming the validity of this 
observation, a series of experiments to establish the 
relationship between temperature of homogenization 
and kinetics of deterioration was contemplated 
Initially an attempt was made to reproduce the 
results just described. For this purpose commercial 
lots of AISI 8640 and AISI 86B40 steels were used 
The analyses of these steels appear in Table I. Hard- 
enability evaluation was on the basis of the hardne 
pointed 


of normalized sections. Grange and Garvey 


out that these steels are air hardening to some extent 
and such a technique can be used. For these test 
the specimens were held for 20 min in a salt bath 
at 1600°F and then cooled in still air 

Several evacuated silica capsules containing pair 
of the test steels were made up and heated for 24 
hr at 2350°F. A number of failures occurred among 
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Effect of Prolonged Heating at High Temperature 
on the Hardenability of Boron-Treated Steels 
by R. M. Goldhoff, R. Speiser and J. W. Spretnak 


these capsules, but evaluation of the specimens suc- 
cessfully treated indicated a complete deterioration 
of the boron effect. However, examination of the 
surface of the treated specimens showed that some 
reaction, probably with the silica tube, had taken 
place, since none of the specimens was bright. One 
further test was made at 2350°F for 12 hr, using a 
pair of specimens wrapped in tantalum foil prior to 
encapsulation. These specimens appeared bright 
after treatment, and their hardenability evaluation 
showed that no deterioration had taken place 

Since these steels are extremely sensitive to de- 
boronization at high temperatures and particularly 
at long times of holding, the experimental observa- 
tions raised some doubt as to the real occurrence of 
the permanent deterioration effect. To resolve this 
question an experiment was undertaken in which 
the high temperature portion of the treatment was 
completed in vacuum. For this purpose a molyb- 
denum wound resistance furnace capable of main- 
taming good vacuum was used. All the pertinent 
accessories to this furnace were machined from mo- 
lybdenum stock in order to withstand the high tem- 
perature involved in the experiment. With this 
equipment a temperature of 2400°F was obtained 
and held under a pressure of 5x10° mm Hg for 24 
hr. A specimen of each of the two test steels was 
suspended in the furnace and both were heated 
Temperature was measured with a 
Pt-13 pet Rh thermocouple, whose 
extrapolated from the 


imultaneously 
tandardized Pt 
millivoltage at 2400°F wa 
standardization equation, good up to 2200°F 

The complete evaluation of these specimens 1s 
hown in Table Il. The hardness values attained by 
each steel after normalizing, both before and after 
the prolonged high temperature treatment, remain 
the same. A microscopic study of the decomposition 
products present in the microstructures of specimens 


Table Il. Hardenability Evaluation of Commercial AISI 8640 and 
AIS! 86840 Steels Before and After Prolonged Heating 


Hardness Values, Ke 


Heat Treatment Alsi 


points in the heat treatment correlated 
observed 


at variou 
with the hardness value 

It seems that no permanent loss of boron harden- 
ability effect occurs, at least in these Grainal-treated 
teels, when deboronization is circumvented 
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Flocculation of Mineral Suspensions With 


Coprecipitated Polyelectrolytes 


by Milton E. Wadsworth and Ivan B. Cutler 


Coprecipitation of anionic and cationic polyelectrolytes has been applied to floccula- 
tion of several mineral systems. Results obtained in a study of the flocculation of kaolinite 
and hematite suspensions of polycationic and polyanionic electrolytes are presented. 
Greatly increased settling rates were observed following precipitation of positive and 
negative polyelectrolytes on the surface of finely divided minerals in aqueous suspension. 
The ratios of polycationic to polyanionic electrolytes required to produce maximum sedi- 
mentation have been shown to correspond closely with the equivalence points obtained by 
light scattering studies of systems containing the positive and negative polyelectrolytes 


by themselves. 


ISPERSION of colloids has been of interest to 
surface chemists for many years. Flocculation 
studies have been employed to evaluate the limits 
of colloid stability. In water suspensions, colloids 
become unstable and flocculate when the ( potential, 
the potential of the kinetic solvation sheath, falls to 
a value at which van der Waals forces may act to 
draw the particles together, This may happen 
through an adjustment of the pH of the suspension 
or by addition of a salt. Optimum conditions for 
rapid formation of large flocs are found in the re- 
gion of minimum ¢ potential 
In addition to these well known considerations, 
colloids in water suspensions are known to be floc- 
culated by certain large organic macromolecules 
These polyelectrolytes in some cases minimize the ( 
potential and in other instances increase the attrac- 
tive forces by supplying sites for hydrogen bonding.’ 
Use of organic polyelectrolytes in flocculation of 
mineral colloids has increased rapidly in recent 
years, These materials are now recognized as indis- 
pensable aids to fluid-solid separations in many ex- 
tractive metallurgical operations. They have been 
found to increase both the settling rate in thickeners 
and the filtration rate of filters. In the elucidation of 
the characteristics of these organic reagents as floc- 
culants in this laboratory, it was discovered that in- 
teraction of certain polyelectrolytes had a surpris- 
ingly good effect on flocculation of mineral colloids 
Experimental Procedure: The anionic flocculants 
used in this study were Lytron 886 and 887, pro- 
duced by Monsanto Chemical Co. Both reagents are 
copolymers of vinyl acetate and maleic anhydride 
Lime is added to Lytron 886, whereas Lytron 887 is 
all organic. These reagents possess two carboxy! 
groups for each acetate group and are therefore 
anionic in character. The cationic reagents used 
were the Peter Cooper Co. 1-X and 2-X glues. The 
structures are not definitely known, but the re- 
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Fig. |—Typical settling curve for a 2 pct kaolinite pulp 


agents are amines and are cationic in character. The 
glues were prepared in the chrome-alum form Both 
types of reagents may be classified as polyelec- 
trolytes in that they are high molecular weight 
polymers and ionize in water. 

All data presented are in terms of sedimentation 
rate, measured in 250-ml glass-stoppered graduated 
cylinders. With suitable precautions such measure- 
ments are fairly reproducible and provide a sensi- 
tive means for selecting important parameters such 
as pH, reagent concentration, and floc size and den- 
sity.” Agitation was standardized with five complete 
end over end cycles of the suspensions in the stop- 
pered graduated cylinders. 
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Mineral systems investigated were the clay min- 
eral kaolinite from Florida (Edgar Plastic Kaolin 
Co.) and specular hematite (Cleveland Cliffs Iron 
Co.). The clay was acid washed with HC] at a pH of 
2, followed by successive decantations with distilled 
water until the pH was between 4.5 and 5.0. Clay 
suspensions, 2 pct by weight, provided optimum set- 
tling conditions. The specular hematite (—8 mesh) 
was ground for 20 min in an 8-in. steel laboratory 
ball mill using a 10-kg steel ball charge. The hema- 
tite ore contained approximately 40 pct iron and 
consisted predominantly of hematite and a siliceous 
gangue. Pulp densities of 15 pet by weight were 
found to provide optimum settling conditions 

The mutual interaction of the polyanionic and 
polycationic flocculants was investigated by a method 
similar to that used by Fuoss and Sadek.’ Reflect- 
ance of light from a suspension of the coprecipitated 
polyelectrolytes was measured with a diffuse re- 
flectance attachment on a Beckman DU spectropho- 
tometer. The Peter Cooper 1-X glue at a concentra- 
tion of 5 gpl was used as the reflectance standard 
for all tests. Scattering was measured at 850 my 
wave length with a constant slit opening of 2 mm. 

Experimental Results and Discussion: Fig. 1 plots 
a typical sedimentation curve for a flocculated min- 
eral suspension. Since time is required for flocs to 
grow to full size and for eddy currents resulting 
from agitation to subside, an induction period (a) is 
observed. With full-size flocs, sedimentation occurs 
(b) as constant rate until the flocs begin to compress 
each other at c. The lower curve represents two 
separate determinations at 2 mg Lytron 886 in 250 
ml of 2 pet kaolinite pulp. Several factors affect the 
sedimentation curve. Concentration of the mineral 
in suspension greatly influences the straight line 
portion of the curve. If too concentrated, the floc- 
culated mineral suspension will go into compression 
almost immediately. If too dilute, the mineral sus- 
pension will have an extended induction period and 
will show a diffuse interface between the flocs and 
the clear supernatent liquid above. The slope of the 
linear portion of the settling curve at b is taken as 
the settling rate 

Figs. 2 and 3 illustrate the effect of Lytron 886 by 
itself as a flocculant for kaolinite and hematite. The 
maximum in the curve observed in the case of 
kaolinite, Fig. 2, is typical of results obtained at rel- 
atively high flocculant concentration. The curve for 
hematite, Fig. 3, does not drop off again, but in this 
case there was a difference of approximately 300 
times in the amount of flocculant present per unit 
weight of mineral. Precipitation of flocculants at the 
mineral surface was observed to increase greatly 
the sedimentation rate in several mineral systems 
Included here are results obtained on kaolinite and 
hematite. Figs. 4 and 5 illustrate sedimentation rate 
vs concentration of polycation (Peter Cooper 1-X, 
chrome glue). In each case a constant amount of the 
polyanionic reagent (Lytron 886) was added first 
and allowed to come to equilibrium with the min- 
eral surface before the variable amount of polyca- 
tion was added 

The adsorption of anionic reagents has been sug- 
gested by Ruehrwein and Ward‘ to be a result of 
anion exchange. These authors have also demon- 
strated mechanical bridging of the flocculant be- 
tween the mineral particles. French et al.’ have 
demonstrated the presence of hydrogen bonding in 
such flocculated systems by means of infrared spec- 
troscopy. This is probably important in forming 
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Fig. 4—Effect of surface coprecipitation of polyanionic and 
polycationic electrolytes, the polyanionic adsorbed first on 
kaolinite 


interparticle bridging and perhaps contributes to 
the particle flocculant interaction. Coprecipitation 
of polyanions with polycations has been observed 
by Fuoss and Sadek,’ Deuel et al.,” Ruehrwein and 
Ward,’ and others. Studies reported here indicate 
this may also be accomplished on the surface of 
minerals by adding one of the polyelectrolytes first 
Adsorption of a polyanionic reagent on the surface 
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Fig. 5—Effect of surface coprecipitation of polyanionic and 
polycationic electrolytes, the polyanionic adsorbed first on 
hematite. 
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Fig. &—Settling rate vs concentration of flocculant added, 
comparing combination of polyanionic and polycationic with 
polyanionic by itself for Lytron 886 and Peter Cooper |-X 
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Fig. 7-—-Settling rate vs concentration of flocculant added, 
comparing combination of polyanionic and polycationic with 
polyanionic by itself for Lytron and Peter Cooper 2-X 
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@ Lytren 666 plus Peter Cooper 2 added in the ratio te! 


of a mineral increases subsequent mineral-poly- 
cation interaction, the reaction now being predomi- 
nantly between the two oppositely charged poly- 
electrolytes. The improved flocculation observed 
may perhaps be attributed to the possibility that the 
hydrogen bond linkage causing bridging of the 
anionic flocculant between particles by itself may 
be replaced by a much stronger positive-negative 
charge interaction associated with the surface co- 
precipitate. Large stable flocs may be formed by 
this means 

The ratio of polycationic to polyanionic flocculant 
necessary to provide maximum sedimentation was 
3.5:1 for kaolinite and 1:1 for hematite. Settling 
rates continue to increase as the flocculants are 
added in these ratios up to very large concentra- 
tions, suggesting increased interparticle bridging 
In these systems the precaution of adding one re- 
agent to the mineral suspension before the other 
must be observed. If the polyanionic and poly- 
cationic flocculants are added together they will 
coprecipitate and little or no flocculation will result 
Fig. 6 illustrates the results obtained with kaolinite 
in which the ratio of polycationic to polyanionic 
flocculation was maintained constant. The lower 
curve represents the sedimentation rate of kaolinite 
vs concentration of Lytron 886 added by itself. Sim- 
ilar curves are plotted in Figs. 7 and 8. Fig. 7 is a 
plot of settling rate vs total flocculant added for 
Lytron 886 and Peter Cooper 2-X glue. This glue is 
a protein similar to 1-X but lower in nitrogen con- 
tent. The equivalence point was found to be 10:1 
for the 2-X glue compared to 3.5:1 for the 1-X glue 
The Peter Cooper 1-X glue was found to be a more 
effective flocculant than the 2-X form. Fig. 8 is a 
similar plot for Lytron 887 and Peter Cooper 1-X 
glue. Again a very marked increase in settling rate 
was obtained. The equivalence point in this in- 
stance was 4.2: 1 

The order in which the reagents are added is par- 
ticularly important. In the pH2 to 7 range for kaoli- 
nite it was found necessary to adsorb the polyan- 
ionic reagent first and add the polycationic reagent 
last. On microcline (feldspar) the reversed order 
(polycationic first) was necessary to flocculate the 
suspension at neutral pH. It appears, therefore, if 
the adjusted pH, and consequently the surface 
charge, is such that the polyanion can adsorb, the 
best effects are obtained by adding it first. On the 
other hand, at pH values of high cation exchange 
the reversed order is most effective. This could not 
be clearly demonstrated for kaolinite at high pH, 
however, because of the cloudy overflow which 
could not be cleared. To obtain the improved set- 
tling rates illustrated in Figs. 4 and 5, any mineral- 
polyelectrolyte system must have the following 
characteristics: 1) there must be adsorption by 
hydrogen bonding, ion exchange, or ion pair adsorp- 
tion of either an anionic or cationic polyelectrolyte 
on the mineral surface and 2) the counter polyelec- 
trolyte must coprecipitate with the adsorbed poly- 
electrolyte. The importance of the second character- 
istic may be seen in the following study of the 
coprecipitation of anionic and cationic reagents used 
in sedimentation studies reported in Figs. 4 and 5 

Precipitation of polyelectrolytes in the absence of 
mineral colloids resulted in large increases in light 
scattering. Light scattering was measured for sev- 
eral series of solutions made up to constant volume 
and consisting of fixed amounts of one polyelectro- 
lyte and variable amounts of the counter polyelec- 


TRANSACTIONS AIME 


| 
| 
4 
eo 
a 
| 
| 
of 
| 
—> + 
10 
~ 
| 
20 
| 
| 
| | 
os j 


@ Lytron 667 plus Peter Cooper added in the ratio 4 2 to! 


®.ytron 867 by itself 


. 
° 

° 

= 


2% EPR pulp 


adi, 4 4 i 4 4 4 4 4 
Se § 4 6 6 10 2 4 6 ‘®@ 20 22 24 26 26 


Totol mg Flocculant Added/g 
Fig. 8—Settling rate vs concentration of flocculant added, 


comparing combination of polyanionic and polycationic with 
polyanionic by itself for Lytron 887 and Peter Cooper 1-X 


4 

: 


100 $0 200 230 300 $50 400 450 $0 
Peter Cooper 


Fig. 9—Light scattering curves for coprecipitation of Lytron 
886 with Peter Cooper 1-X chrome glue. Lytron 886 constant 


trolyte. These titration curves at constant volume 
may be seen in Figs. 9 and 10. For each titration 
series in Fig. 9 the polyanionic concentration 
(Lytron 886) was held constant and in Fig. 10 the 
polycationic concentration (Peter Cooper 1-X) re- 
mained constant for any one series. Near the equiv- 
alence point the ( potential is sufficiently low to 
allow flocculation of the coprecipitate. This has been 
observed previously by Deuel et al.” Flocculation of 
the coprecipitate is shown in Figs. 9 and 10 as the 
dotted sections of the curves. The diffuse reflectance 
measurements in this region yielded values of per- 
cent light scattering which decreased with increas- 
ing time. The similarity between the settling rate 
curves of Figs. 4 and 5 and the reflectance curves of 
Figs. 9 and 10 is clearly a result of the coprecipita- 
tion effect. 

Fig. 11 illustrates the fact that the equivalence 
point as determined by light scattering varies with 
the concentration of polyelectrolytes present. At 
low polyanion concentration the equivalence point 
is large and at high polyanion concentration the 
equivalence point is appreciably lowered. This low- 
ering at high concentration suggests micelle forma- 
tion or a configuration of the polyanion in which 
many of the active groups are not available to the 
polycation. 


Summary 

Coprecipitation of adsorbed polyanions with poly- 
cations offers advantages over adsorbed polyanions 
or polycations alone by markedly increasing sedi- 
mentation rates of mineral suspensions 
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Fig. 11 Equivalence points between Peter Cooper chrome 
glue and Lytron 886 for various concentrations of Lytron 886 


Reflectance studies of coprecipitation of poly- 
anionic and polycationic flocculants in the absence 
of the mineral suspension closely parallel results 
obtained by surface coprecipitation in the presence 
of the mineral suspension as detected by the varia- 
tion in settling rate. The equivalence point of co- 
precipitation varies with the concentration of the 
polyelectrolytes present 
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Kinetics of the Oxidation of Galena In 
Ammonium Acetate Solutions Under 
Oxygen Pressure 


in the presence of oxygen, galena is oxidized in an aqueous medium containing am- 
monium acetate in accordance with the following reaction: 


PbS + '2 O. + 2 NH,Ac 


» PhAc. + S° + 2 NH, + H.O. 


This reaction was studied in an autoclave under oxygen pressure by polarographic meas- 
urement of the concentration of lead ion in solution. Oxidation rate is parabolic. The 
reaction products are lead acetate and elemental sulfur, the latter forming a film on 


the galena crystal 


Reaction kinetics appear to be determined by the diffusion of lead 


from the galena phase to the solution interface through the film of sulfur. 


by D. P. Seraphim and C. S. Samis 


ECENT applications of pressure leaching on a 
commercial scale have emphasized the metal- 
lurgical importance of the oxidation of sulfide min- 
media by oxygen under pressure 
Research experience has shown that sulfates, thio- 
nates, and metal oxides are the products of humid 
ulfide minerals in basic solutions. The 
metal oxides may be solubilized in the presence of 
a complexing ton Certain oxide mineral 
amenable to treatment by this type of oxidation 
Several kinetic studies have been made of re- 
actions of this type. Stenhouse’ found that pyrite 
(FeS,) oxidized in a sodium hydroxide solution to 
oluble sulfate and an insoluble layer of 
iron oxide and that the kinetics of the reaction were 
controlled by oxygen diffusion through the oxide 
layer Andersen’ studied the oxidation of galena 
(PbS) in a sodium hydroxide solution under oxygen 
He found the lead and sulfur to be simul- 
oxidized to produce plumbite ions and 


erals in aqueou 


oxidation of 


are also 


produce a 


pressure 
taneously 

ulfate ions, and that the reaction rate was propor- 
The kinetics 
appeared to be determined by the reaction of oxygen 
In each of the 


the metal and sulfur components of 


tional to the surface area of the galena 


and water with the galena surface 
above reactions 
the mineral were oxidized simultaneously and at 
equal rate 

In the present study the alkaline medium has 
been replaced by an approximately neutral solution 
of ammonium acetate in which lead sulfate is soluble 
Under the conditions no sulfate was produced and 
no sulfur could be detected in the solution. The 
metal component of the mineral was solubilized and 
the liberated sulfur remained as a film of elemental 
sulfur on the surface of the galena crystal 
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Fig. |—Calibration 
graph showing rela 
tion between polaro 
graphic peak height 
and lead concentra 
tion 


The reaction may be represented by the following 
equation 


PbS + %&O 2 NH,Ac ~ 


PbAc, + S° + 2NH, + HO. [1] 


A kinetic study of this reaction was undertaken 
to establish the kinetic mechanism and to determine 
the rate controlling step. Specific reaction rates were 
determined by oxidizing crystals of galena of meas- 
ured surface areas in an autoclave maintained at 
the desired temperature and oxygen pressure. The 
rate of reaction was followed by measuring the con- 
centration of lead in the ammonium acetate solution 
with a cathode ray polarograph, employing sta- 
tionary platinum electrodes incorporated in the 
autoclave 

Experimental Materials and Equipment 

Crystals of galena obtained from Violamac Mines, 

Retallack, B. C., were selected for oxidation because 
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of their relatively perfect cubic cleavage and purity 
A typical crystal contained the following impurity 
metals: Ag, 0.3 pet; Sn, 0.2 pet; Sb, 0.06 pct; Zn, 
0.03 pet; and Si, Fe, Mg, and As, less than 0.05 pet. 

Each galena specimen, about 1 cu cm volume, was 
fractured along cleavages until the six sides were 
perfect (100) planes. Each plane was then polished, 
washed with distilled water and inspected for im- 
perfections with the aid of a microscope. The selected 
ound crystals were measured for area with the aid 
of a micrometer. The three remaining reaction sub- 
tances were commercial grade oxygen gas, CP am- 
monium acetate, and distilled wate1 

Autoclave: The glass lined, stainless steel, high 


pressure autoclave used in these experiments’ wa 
2 in. ID by 6 in. high and was equipped with a 


thermometer well and an external heating jacket 
The contents were stirred with a glass enclosed 
cylindrical steel rotor driven by an Alnico magnet 
rotated externally below the autoclave. The stain- 
le steel tubing supplying the 
check valves to prevent distillation to the Bourdon 
Rages. 

Polarograph: The cathode ray 
to determine the concentration of lead in the solu- 
been described 


oxygen contained 


polarograph used 
tion as the reaction proceeded ha 
The technique 
creen electrode, 
The oscillo- 


trace on a 


in a previous required a 
platinum bead and a platinum 


which were 


papel 


ealed into the autoclave 
scope reproduced the current-voltage 
creen which was photographed whenever a meas- 
urement was desired. Calibration of the instrument 
by adding increments of lead acetate to ammonium 
acetate solution produced the expected linear rela- 
tion between lead concentration and peak height at 
room temperature and pressure as shown in Fig. 1 
The current peak height is a function of tempera- 
ture as well as concentration, thus the final concen- 
tration 


with a Sargant polarograph 


were always measured at room temperature 


Experimental Procedure 
For each experiment 100 ml of an aqueous solu- 
acetate wa 
placed in a gla A crystal 
of galena, prepared as described earlier, wa u 
tong The 


tion containing 300 gpl ammonium 


liner in the autoclave 


pended in the acetate solution by gla 


autoclave was sealed and heated under low pressure 


Fig. 2—Typical rate curves for the oxidation of galena in 
ammonium acetate solutions 
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Fig. 3—Rate curves of galena oxidation replotted as para 
bolic functions 
reached the reaction 


until the solution 


whereupon the nitrogen was released 


nitrogen 
temperature, 
and the oxygen was admitted until the desired pres- 
reached 

Polarograms were obtained at approximately 20 
min intervals by photographing the 
Fach experiment covered a period of ap- 
were plotted employ- 
ing the lead from the 
polarogram The lead concentration in the final 


ure Wa 


oscilloscope 
creen 
proximately 4 hr. Rate curves 
concentration determined 


olution, on removal from the autoclave, was meas- 
ured at room temperature with a Sargant polaro- 
graph and the intermediate concentrations were pro- 
portioned accordingly. After polarographic analy- 
is the solutions were tested qualitatively for SO, 
ion and other oxidation products of sulfur in the 
following manner: 1) oxidation with bromine, 2) 
evaporation to dryne 4) dissolution with water, 
4) addition of barium chloride. In certain instances 
the solution was analyzed for SO, prior to oxida- 
tion with bromine 


Results and Discussion 
A series of crystals was oxidized in a solution 
ammonium 


containing 300 gpl of acetate at an 


oxyzen pressure of 3.4 atm over a temperature 
to 159°C. Typical rate curves showing 


hown 


range from 91 
the accumulation of lead in the solution are 
in Fig. 2. Each curve is characterized by an induc- 
tion period ranging from 30 to 60 min. Following 
the induction period and the initial rapid accumula- 
tion of lead in solution, the rate of solution of lead 
with time 
The oxidation rate 
ure within the range 3.4 to 13.6 


decrea ‘ 
were found to be independent 
of the oxygen pre 
atm and the ammonium acetate concentration within 
the range 1.6 to 3.9 mol per lite 
At the completion of the oxidation the autoclave 
was rapidly cooled to 100°C and the crystal was 
naked eye 
could observe a continuou Viscou filrn 
of sulfur coating the crystal. The only 
with the crystals oxidized at 94°C in which case 


immediately removed. In all cases the 
nerally 
exception 


Wa 
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Fig. 4—Arrhenius 
plot of rate con- 
stant K. 
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the film was white and solid. Some of the films were 
observed under a microscope at X400. The viscous 
films by this time had solidified but did not appear 
to crystallize, while the white solid film appeared 
as a continuous array of rhombohedrons with long 
axes parallel to the galena (100) planes. X-ray 
diffraction measurements confirmed the presence of 
a film of @ sulfur adherent to the surface of the 
galena crystal. The treatment of the final solution 
with barium chloride exhibited no evidence of sul- 
fates or thionates. These facts indicated that the 
products of the experiments were elemental sulfur 
and soluble lead ion, in accordance with Eq. 1 

Oxidation Rate: On the basis of Eq. 1 it is ap- 
parent that for every atom of lead entering the 
solution an equivalent atom of sulfur must enter 
the sulfur film or coating. The lead must therefore 
diffuse through the sulfur envelope before the oxida- 
tion reaction can take place at the sulfur-solution 
interface according to the equation. The rate of 
solution must be determined either by the diffusion 
process or by the reaction at the solution interface. 
Since it is shown experimentally that the rate of 
reaction is independent of the concentration of 
reactants (oxygen and ammonium acetate) in solu- 
tion, it is reasonable to conclude that the diffusion 
is the slow or rate controlling step 

According to Fick's Law, the increasing thickness 
of the sulfur layer will decrease proportionately the 
rate of oxidation 


d(Pb) 
dt 


[2] 


d(Pb) 

where : is the molal rate of diffusion of lead 

through an area A of the sulfur film X in thickness 
at time t. C, and C, are the concentrations of lead 
at the galena-sulfur interface and the sulfur-solu- 
tion interface, respectively. D is the diffusion co- 
efficient of lead in the sulfur film. The equation may 


be rewritten 
d(Pb) DA'p 
(« C,) 3] 
dt (Pb)M 


where p density of sulfur and M mol wt of 


sulfur 
Integration leads to 


2Dtp 
(¢ 
A M 
On the basis of Eq. 4 the oxidation rate curves 
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should be parabolic in character and correspond to 


(Pb) | 
- A 


a linear relationship between and t with 


slope K where 
2Dp 
M 


Fig. 3 shows that the experimental results for the 
reaction rate at various temperatures are in agree- 
ment with this relationship. The slope and inter- 
cept in Fig. 3 represent the values of K and b, 
respectively. Values of K are given in Table I 

Effect of Temperature: The influence of tempera- 
ture on the oxidation rate is shown in Fig. 4, where 
the log of the modified rate constant K is plotted as 
a function of 1/T in agreement with the well known 
relationship K = Ae*’*"’. The activation energy E 
calculated from the slope of the Arrhenius plot is 
15,500 + 2,000 cal per mol. The mean value of A is 
9.5x10* 


Discussion 

Calculation of Absolute Reaction Rate: The transi- 
tion state theory has been effectively applied to 
oxide films’ on the basis of simplifying assumptions 
relative to the concentration of metal ions in the 
oxide lattice. In the case of lead diffusing through 
a sulfur layer it is impossible to make similar as- 
sumptions relative to the values of C, and C,, the 
concentration of lead atoms in the galena-sulfur in- 
terface and sulfur-solution interface, respectively. 
The assumption might be made that C, approaches 
zero at the interface, but the concentration of lead 
at the galena-sulfur interface is unknown. For this 
reason it is impossible to calculate the absolute re- 
action rate. If the latter could be quantitatively 
calculated it might serve to distinguish the type of 
lead diffusing through the sulfur layer, whether as 
lead atoms, Pb" ions, or PbS. 

In order to satisfy the observed results the 
authors have adopted the hypothesis of a diffusion 
type of reaction involving a sulfur film which is as- 
sumed to be continuous, nonpermeable and non- 
oxidizing during the greater part of the reaction 

The argument for a continuous film follows from 
the fact that the removal of a lead ion from the 
crystal surface into the solution leaves sulfur ions 
in all nearest neighbor positions. Thus when the 
first layer of atoms surrounding the crystal is 
oxidized, further reaction can only occur if: 1) 
there is diffusion, or 2) there is coagulation of the 
sulfur into droplets. The latter explanation seems 
unreasonable from two points of view. 1) There are 
no preferential positions for sulfur droplets insofar 
as the complete surface is always sulfur and there- 
fore completely wettable. 2) If coagulation of the 
sulfur did occur in the early stages of the reaction 


K (C,—C.,). 


“ 


Pb) Ph) Pb 


there would have been a change in the mode of the 
reaction when the surface was fully covered with 
sulfur, as it was at the end of the experiments. A 
change of mode would be observed by a change of 
slope of each curve in Fig. 3, and no such change 
occurs 

The foregoing interpretation agrees with the ob- 
servations of a continuous sulfur film on the surface 
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of the galena following oxidation 
the authors imply that the film is fracture free and 
therefore provides no preferential! sites for admit- 
ting oxygen to the galena surface. This is true for 
oxidation above the melting point of sulfur but 
questionable for reactions at 94°C. In the latter 
case the volume of products remaining at the galena 
interface is about half the volume of the layer being 
removed by the diffusion process. To remain frac- 
ture free the solid sulfur must move in from the film 
to occupy the sites formerly held by lead ions. Such 
a transfer is well known in other diffusion re- 
actions and does not seem unreasonable here. The 
sulfur is oxidized from S_ to elemental sulfur and 
no further oxidation products are formed 


Table |. Kinetic Data for the Oxidation of Galena in Ammonium 
Acetate Solutions® 


Temperature, K, Mele’? Cm Min 


91 0.27x10 
114 0. B1x10 
137 12x10 

16x10 
154 5.8x10 
155 8.7x10 
157 12.3x10 

* Ammonium acetate concentration was 2.9 mol per liter. Oxygen 


partial pressure was 3.4 atm 


Andersen proposed the hydrolysis of lead as the 
rate-controlling step for the oxidation of galena in 
caustic solutions. He found the reaction to be re- 
tarded as the pH approached that of a neutral solu- 
tion. On the basis of results from oxidation in nearly 
neutral ammonium acetate solutions in which 
elemental sulfur did not oxidize, the authors pro- 
pose that the slow hydrolysis reaction in the caustic 
solutions was due to sulfur. Andersen calculated 
the specific reaction rate on the basis of hydrolysis 
of lead but the result would be identical if sulfur 
were employed 

The induction period found during oxidation in 
the ammonium acetate solution was also found by 
Andersen’ in the caustic solutions. The initially un- 
reactive surface may be credited to the disturbed 
Beilby layer produced while preparing the crystals, 
or to a thin stable oxide film of lead 

Further experiments below the melting point of 
sulfur (119°C) would be necessary to establish a 
change in the activation energy at the transition. If 
sulfur film fracture did not occur during retraction 
of the galena-sulfur interface, diffusion must occur 


By nonpermeable 


through a crystalline film with a different activation 
energy than that for diffusion through a liquid film 
at higher temperatures 

Two factors were responsible for the narrow 
range of temperatures employed in the oxidation 
1) the oxidation is extremely slow below 90°C, 2) 
above 160°C the solution pressures were beyond the 
safety limits of the apparatus 


Conclusions 

The kinetic data on the oxidation of galena crystals 
in ammonium acetate solutions under oxygen pres- 
ure permits the following conclusions to be drawn 
regarding the nature of the reaction and the rate 
controlling step 

1) The products of the oxidation reaction are 
equivalent amounts of lead in the aqueous solution 
and elemental sulfur. The latter forms an adherent 
layer or film on the galena crystal 

2) The rate controlling step of the reaction is a 
diffusion process wherein the lead may diffuse as 
a) lead atoms, b) lead ions, or c) PbS molecules 
from the galena phase to the aqueous medium 
through the molten sulfur envelope 

3) The parabolic relationship expected from 
principles governing diffusion reactions was found 
consistent with the experimental results. A linear 
relationship was observed between the square of 
the lead dissolved per unit area, i.e., mole’ em“, and 
the time 
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Examples are given to illustrate the procedure, and comparisons are made between pre- 


dicted and measured nitrogen solubilities. 


F. C. LANGENBERG, Junior Member AIME, formerly Visiting 
Fellow, Massachusetts Institute of Technology, is now Supervisor of 
Pyrometallurgy Research, Crucible Steel Co. of America, Pittsburgh 

TP 4263C. Manuscript, Jon. 23, 1956. New Orleans Meeting, 
February 1957 


TRANSACTIONS AIME 


by Frederick C. Langenberg 


HERE is an increasing use of nitrogen as a major 
alloying element in steel , OT as a partial sub 
stitute for other alloying element Nitrogen is a 
potent austenite stabilizer, and Cr-Mn-low Ni-N 


teels, or even Cr-Mn-N steels, are being considered 
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as substitutes in some applications for the Types 
301, 302, and 304 austenitic stainless grades. At the 
present time there appears to be no method for pre- 
solubility of nitrogen as a 
liquid ternary o1 


dicting the saturation 
function of composition in these 
more complex iron-base alloy 
Survey of Literature—There is a lack of basic re- 
earch on the solubility of nitrogen in molten alloy 
teels, although the solubility of nitrogen in some 
has been reported. A review was 
made of original references, and data from the fol- 
lowing were used in developing a method for pre- 


binary iron alloy 


Table |. Tabulation of Results from Examples Used to Compute 
Percent N 


Example Example 2 


Mn 
silent pet Si 
slent total pet Si 
Mr Si 
slent pet Cr 
slent total pet Cr 
Mn Si Cr 
Ni 
lent pet ¢ 0.80 
slent total pet ¢ 1.20 
Ni 0.14 
0.72 
0.23 


dicting the solubility of nitrogen in alloy steels 
Fe-P, Fe-C, Fe-Cr, Kootz Fe-Ni, Saito;” Fe-Si, 
Vaughan and Chipman; Fe-V, Brick and Creevy;* 
and Fe-Mn, Wentrup and Reif. Wentrup and Reif 
ulso presented nitrogen solubility data for the liquid 
ternary Fe-Cr-Mn and Fe-Cr-Ni systems. The Fe-Cr 
results of Kootz’ are in good agreement with those 
of Saito’ and Wentrup and Reif’ for the same sys- 
tem. The data on nitrogen solubility in Fe-C melts 
obtained by Kootz' also agree with similar data by 
Eklund." 

All the nitrogen solubility data used in this paper 
are for 1 atm N. The Fe-Si research was done at 
about 1630°C, the Fe-V research at 50°C above the 
and the rest at 1600°C. A critical review 
used in each inves- 


liquidus, 
of the experimental techniques 
tigation will not be presented but, in general, the 
experimental methods fell into two groups: 1) the 
Sievert’s method, in which a volume difference gives 
a direct measurement of the gas dissolved; and 
2) exposing the molten metal to a nitrogen atmos- 
phere, and either sampling the metal or quenching 
the melt. The latter method requires an analysis for 
nitrogen, and suffers from the limitation that some 
nitrogen may be lost on cooling 

Development of a Method for Predicting Solu- 
bilities—-In the following discussion, the infinitely 
dilute solution is chosen as the reference state for 
defining the activity coefficients. The effect of an 
alloying element on the solubility of nitrogen at a 
constant nitrogen pressure provides a measure of 
the effect of this element on the activity coefficient 
of nitrogen in the ternary alloy. The concentrations 
may be expressed in any convenient units, since the 
nitrogen solubilities are low. Thus, in a manne: 
similar to that used recently by Chipman 
log Cy [1] 


log fx log 


where f, is the activity coefficient of nitrogen in the 
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ternary alloy, C’ is the solubility of nitrogen in pure 
iron, and C, is the solubility of nitrogen in the Fe-N 
(addition element) alloy. Any element which de- 
creases the solubility of nitrogen under constant 
nitrogen pressure must increase f, since a f 
pct N, and ay, is held constant by a fixed pressure of 
nitrogen at 1 atm. The reverse is true for any ele- 
ment which increases the solubility of nitrogen 

The activity coefficient of nitrogen as a function 
of concentration of the various alloying elements at 
1600°C and under 1 atm N is shown in Fig. 1. If 
the curves in Fig. 1 were linear over their entire 
range, the activity coefficient of nitrogen in a more 
complex alloy could be obtained by addition of the 
values of log fx, or by multiplying the slope of each 
line by the weight percent of the respective alloy- 
ing element and summing the products. Since the 
curves are not linear, recourse is made to the method 
originally suggested by Morris and Buehl” and 
elaborated by Sherman and Chipman’ for predicting 
the activity coefficient of sulfur in complex systems 
In this method, the elements whose activity co- 
efficient curves in Fig. 1 are above the abscissa at 
log fs 0 (C, P, Ni), and those elements which are 
below (Mn, Si, Cr, V), are treated separately. For 
each group in Fig. 1, begin at the curve nearest the 
horizontal, proceeding in a counterclockwise direc- 
tion for the curves above the horizontal, and in a 
clockwise direction for the curves below the hori- 
zontal. A value for log f. is obtained on the first 
curve at the proper alloy percent. The equivalent 
percent alloy on the next curve having the same 
value of log f, is found by moving to the left in a 
horizontal direction. To this equivalent percent is 
added the actual percent of the second alloying 
element by moving out on the appropriate curve, 
and another value of log f, is obtained. This process 
is continued in sequence for all the elements above 
the curve in the order Ni, P, C; and for all the ele- 
ments below the curve in the order Mn, Si, Cr, V 
The algebraic sum of the final positive and negative 
contributions gives a value of log f, for the alloy 
The activity coefficient of nitrogen in the alloy can 
be converted to the weight percent of nitrogen in 
the alloy saturated at 1 atm N by Eq. 1, but this can 
be simplified by use of Fig. 2, in which the percent 
of nitrogen in the alloy is plotted against log f, 
C” of Eq. 1 was taken as 0.043 pct. This is the solu- 


bility of nitrogen in pure iron at 1600°C under 1 


Fig. 1—Activity coefficients of nitrogen at 1600°C as a func 
tion of alloy content. Graph is used to compute log fx in an 
alloy steel 
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atm N, and represents an average value from the 
data used to construct Fig. 1 

Two examples will be given to illustrate the pro- 
cedure further. Consider an alloy similar to a Type 
308 Cr-Ni stainless steel with the following weight 
percent composition: 0.40 pet C, 2.0 pct Mn, 2.0 pet 
Si, 20 pet Cr, and 10 pct Ni. Beginning with the 
elements below the horizontal, a value of log f, 

0.05 is obtained for the 2.0 pect Mn. A point on 
the silicon curve at 1.2 pct Si is located, having an 
equal value of log f,. To this equivalent silicon, the 
2.0 pet Si of the alloy is added to give a value of 
log fs 0.13 at 3.2 pet Si. Moving horizontally to 
the chromium curve, the chromium equivalent of 
manganese and silicon is 2.9 pet Cr. Adding the 
20 pet Cr, log f 0.86 at 22.9 pet Cr. Next, the 
elements above the horizontal are considered. The 
10 pet Ni has a log fy 0.09, and moving hori- 
zontally this is equal to 0.8 pet C. The 0.4 pet C 
is added, and at 1.2 pct C, log f 0.14. The alge- 
braic sum of the positive and negative contributions 
is —0.86 4+ 0.14 0.72 log f, for the alloy 
From Fig. 2, we can convert this to 0.23 pet N in 


the alloy under 1 atm N 


Table 11. Comparison of Predicted and Measured Nitrogen 
Solubilities at 1600°C under 1 Atm N 


Measured? 
Nitrogen 
Selability, Pet 


Predicted* 
Nitrogen 
Ni Solubility, Pet 


The second example has a composition typical of 
the Type 202 high manganese steels: 0.15 pet C, 1.0 
pet Si, 18 pet Cr, 6 pet Ni, and 10 pet Mn. The 
calculations are tabulated in Table I along with 
those of the first example in a manner somewhat 
similar to that used by Sherman and Chipman 

Confirmation of Predictions—-The nitrogen solu- 
bility data of Wentrup and Reif’ for the Fe-Cr-Mn 
and Fe-Cr-Ni systems can be used to check some 
Since the results of 
these investigators were also used in determining 
nitrogen solubilities for the Fe-Mn system, this pre- 
vents a completely independent check. However, 
their binary and ternary alloys eparately 
melted, and in thi ense thei 
pendent. The comparison of predicted and measured 
shown in Table II for some 


predicted nitrogen solubilities 


were 
results are inde- 


nitrogen solubilities | 
hypothetical alloy 
Discussion—It is important to remember that Fig 
1 is drawn from nitrogen solubilities at 1600°C. For 
steels with high alloy contents, the finishing tem- 
perature will 1600°C. Temperature will 
affect the solubility of nitrogen somewhat, and this 
should be considered in using Fig. 1. An approxi- 


exceed 
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Fig. 2—Chart for converting log fx into the weight percent 
nitrogen soluble in an alloy at 1600°C and under | atm N 
Log fx was determined from Fig. | 


mation for the influence of temperature can be 
made from the known effect of temperature on the 
solubility of nitrogen in pure iron, For every 100°C 
increase above 1600°C, the solubility of nitrogen 
should increase approximately 13 pet, This approx1- 
less accurate in high alloy steels than in 
Also, in converting from log Jf, to 


mation 
low alloy steels 
percent nitrogen, remember that Fig 
the solubility of nitrogen in pure iron at 1 atm N 
Rassbach, Saunders, and Harbrecht” have shown 
that there is some correlation between the nitrogen 
recovery from ferrochromium 
alloys and the percentage of nitrogen 
As the nitrogen content of the alloy approaches the 
saturation value, the recovery of nitrogen from the 
The prediction of max} 
mum nitrogen solubilities in alloy steels by Fig. 1 
may be of use in estimating nitrogen recoveries 


2 is based on 


nitrogen-bearing 
aturation 


addition agent decrease 
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Activity Coefficient of Copper in Liquid lron, Fe-C, 
And Fe-C-Si Alloys at 1600°C 


The distribution of copper between liquid silver and liquid iron, Fe-C, and Fe-C-Si 
alloys was studied at 1600°C. From the data and the activity of copper in silver obtained 
from the phase diagrams, the activity coefficients of copper in iron up to 3 atomic pct are 
log y. = 090 — 24 N.. and y’ = 8.0. The effect of carbon up to saturation is 


expressed as log y’ = 1.8 No. The effect of silicon up to 11 atomic pct is insignificant. 


by Peter J. Koros and John Chipman 


S LOWLY rising copper content of steel being pro- 
duced is focusing attention on the lack of infor- 
mation on the behavior of copper in liquid steel 
Chou’ measured the activity coefficient of copper in 
liquid iron through its distribution between liquid 
silver and iron. He obtained a value of 9.12 at in- 
finite dilution. Chipman’ calculated the activity co- 
efficient of copper in liquid iron at 1600°C from the 
phase diagram and obtained a value of 12. Ameén 
and Pfeiffer’ investigated the possibility of remov- 
ing copper from liquid steel through the use of lead, 
silver, and bismuth as solvents. They also calculated 
that the activity coefficient of copper in liquid iron 
would be increased five or sixfold by addition of 4 
pet C. Langenberg and Lindsay’ are investigating 
the effectiveness of lead and sodium sulfide in re- 
moving copper from liquid iron 

The experimental method was similar to that 
used by Chou’ and Chipman and Floridis.” Silver, 
copper, and iron were melted together, the copper 
distributing itself between the two layers so that 
at equilibrium 


(in Ag) (in Fe) 
and 


N., (in Ag) 


eo (in Ag) 
N,, (in Fe) 


yew (in Fe) 


Thus, from the concentration of copper in each layer 
and the activity coefficient of copper in liquid silver, 
the activity coefficient of copper in liquid iron can 
be calculated. The effect of an alloying element 
such as carbon on the activity coefficient of copper 
can also be determined from its effect on the dis- 
tribution, provided the new element is essentially 
insoluble in silver 


P. J. KOROS and J. CHIPMAN, Member AIME, are Graduote 
Student and Professor of Metallurgy, respectively, Dept. of Metal 
lurgy, Massachusetts Institute of Technology, Cambridge, Mass 
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Ag 
Neu 


Fig. |—Activities in the system Ag-Cu at 1600°C 


The one serious limitation of this method is the 
increasing mutual solubility of silver and iron in the 
presence of a third component. The mutual solu- 
bilities of pure iron and silver are negligible, but 
increase with increasing copper concentration be- 
vond the range investigated 

Ag-Cu System—The activity coefficient of copper 
in silver at 1600°C had to be estimated, since direct 
experimental data are not available. Kawakami" 
measured the heat of mixing of Ag-Cu alloys at 
1200°C by a calorimetric technique. Scheil’ calcu- 
lated the heat of mixing in this system by use of the 
phase diagram, assuming that the solution is random 
and that the heat of mixing is independent of tem- 
perature. The terminal solid solution may be as- 
sumed to obey Raoult’s law within the requirements 


TRANSACTIONS AIME 


a 
0.8 
06 
Ag 
4 
0.4 
y 
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Table |. Distribution Data at 1600 C, Atomic Pct 


Stlwer Layer 


Alleys N Fe 


Ag-Fe 


Ag-Cu-Fe 


Ag-Cu-C-Fe 


Ag-Cu-Si-Fe 


* Graphite crucible (carbon saturation 
Fused silica crucible 
All other heats made in Alundum thimbles 


Iron Layer 


of the present study. The excess free energy of 
either component in the liquid phase is obtained by 
an equation given by Wagner’ 


» 4H, 
F (T.—T as) 4 | (Cp, Cp, ) dT 


InN, | [3] 


RT.[In N, 


where F, equals RTlny, or excess free energy of 
component one in the liquid, AH, is the heat of fusion 
of component one at its melting point, T,,, is the 
melting point of pure one, T, is the equilibrium tem- 
perature for the composition under consideration, 
cx 6s oe is the specific heat of liquid and solid 
one, and N,‘"; N is the atom fraction of one in the 
liquid and solid 

The Ag-Cu phase diagram as given by Hansen 
and thermodynamic data given by Kubaschewski 
and Evans” and Lumsden” were used for the calcu- 
lation. The activity coefficient of the second con- 
stituent was obtained through a graphical integra- 
tion of the Gibbs-Duhem equation 

A plot of the activities against mole fraction for 
Ag-Cu alloys is shown in Fig. 1, that of the activity 
coefficient of copper against mole fraction copper in 
Fig. 2. As would be expected from the similarity 
of their properties, silver and copper form an almost 


0.300 


0.200 


Fig. 2—Logarithm of activity coefficient of copper in silver 
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regular system. How close it is to a completely 
regular system is shown by the closeness of the 
activity coefficients at infinite dilution. These two 
lightly lower than those derived by 
Scheil’ from the phase diagram, assuming a regulat 
Their average, 2.14, is equal to the activity 
coefficient calculated by Chou,’ who assumed that 
the Ag-Cu system is completely regular 


values are 


solution 


Experimental Procedure —The charge, consisting 
of 50 g of pure silver, 50 g of electrolytic iron, and 
as much copper, graphite, and silicon as needed, was 
induction melted in 25 mm OD 80 mm high Alun- 
dum thimbles. Carbon saturation runs were car- 
ried out in graphite crucibles; runs in which silicon 
was used as an alloying element in fused silica cru- 
cible Melting was done inside a Vycor cylinde: 
under argon atmospheres introduced through a 
bra furnace head. The latter had a removable 
cover used to introduce sampling tubes and thermo- 
couples 

The melts were held at 1600°*+7°C for 45 min, 
after which samples were sucked into 6 mm Vycor 
glass tubes. The temperatures were measured with 
Pt—Pt-10 pet Rh thermocouples protected by Y% in 
OD fused silica tubes 

Results and Discussion—-The analyses of all the 
ful heats made in the course of this investiga- 
tion are shown in atomic pet in Table L. In Fig. 3, 
the distribution of copper between silver and iron 
aturated with, carbon is shown. Using 
Eq. 2, the distribution data of Table I, and the 
activity coefficient of copper in silver as shown in 
Fig. 2, the activity coefficient of copper in liquid iron 
was obtained, as shown in Fig. 4. The equation of 
the straight line for carbon-free iron up to N, 
0.030 1 


ucce 


free of, and 


log 0.90 — 2.4 N, [4] 


and at infinite dilution y, 8.0. This is more de- 
pendable than previously calculated value 

If log vy’ is the contribution of carbon to the 
activity coefficient of copper, log y, the observed 
activity coefficient in a given Fe-Cu-C solution, and 
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si Cu Ac « si 
30 1.19 0.26 
6 1.79 1.63 0.92 0.42 ees 
12 1.16 1.62 0.28 0.49 nk 
11.5 3.05 292 049 
“4 2.23 1.59 054 042 Bf 
134 1.62 0.26 0.45 4.70 
10 425 1.45 0.91 040 4.28 a 
13° 2.48 0.87 0.37 0.14 20.9 Ress 
15° 646 094 0.68 0.07 206 
17° 20.5 1.27 2.03 009 19.5 ee 
19 10.9 1.45 2.26 0.35 4.07 eg 
WA 2.25 1.51 043 042 220 0.28 
36B 12.1 1.72 2.06 0.14 664 0.32 
1.41 0.80 0.15 0.07 21.0 
37B° 21.8 1.26 2.02 0.10 192 See 
20 6.60 1.22 0.30 5.84 0.11 1.54 oe 
22 7.34 0.06 0.71 7.46 0.16 268 
35At 574 1.57 0.04 1.37 0.32 7.05 
ISB? 6.59 1.75 0.04 1.50 040 
23A° 7.54 0.82 0.30 1.10 0.53 15.1 7.56 
23B° 6.85 001 0.37 0.84 0.10 125 110 oes 
24B 6.29 1.25 1.86 0.42 016 846 re 
24C 479 0.01 0.38 0.45 oll 2 60 17.9 
isl: 
7 
> 
Dias 
0.100 
0 0.2 0.4 0.6 0.8 10 bai i 
New 
‘ 


Fig. 3—Distribution of copper between silver and iron. Lower 
line, carbon-free; upper line, corbon-saturated 


Ny 


Fig. 4—Logarithm of activity coefficient of copper in iron 
Lower line, carbon-free; upper line, carbon-saturated 


Fig. 5—Contribution of carbon to activity coefficient of cop 
per in Fe-Cu-C solutions. Squares, copper «1 pct; circles, 
copper equals 2.0 to 2.3 pct 


Fig. 6—Solubility of graphite in Fe-Cu-C alloys at 1600°C 
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log y'« the activity coefficient of copper in a binary 

Fe-Cu solution of the same mole fraction of copper, 
then 

log y' log y. log y [5] 

From each value of log y., in a ternary solution 

the value of log y’.., of the binary of equal N, is sub- 

tracted. The resulting values of log y“’ are plotted 


in Fig. 5. They are independent of copper concen- 
tration and are approximately a linear function of 
carbon concentration 


= + 1.8N., [6] 


The effect of copper on the solubility of graphite 
is shown in Fig. 6. It is fitted by the equation 


log N, 0.675 — 1.8 N, [7] 

The extrapolation of this line to zero copper con- 
centration gives a value for carbon saturation in 
pure iron in agreement with that obtained by Chip- 
as shown in Fig. 6. Since the 
varies inversely 


man and co-workers 
activity of carbon is constant, log y. 
with log N. and 

log 18N [8] 
The effect of silicon proved to be very small, and 
omewhat contradictory. Up to 11 
than the experimental 


results were 
atomic pet its effect was less 
error and may be considered negligible 


Conclusions 
The experimental results may be summarized by 


means of Wagner’s” interaction parameter 
dln y diny 


a N N 


[9] 


where y is the activity coefficient in very dilute ter- 
nary solutions. Similarly, «” signifies 1n y_/dN_in 


the dilute binary solution. Using this notation, 


ag §.5, + 4.2, and pte 0. 


The close agreement through Eq. 9 of Eqs. 6 and 8 
is unexpected at such high concentrations, since Eq 
9 was derived only for infinitely dilute solutions 
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Equilibrium Considerations in the Roasting of 


Metallic Sulfides 


The chemistry of sulfide roasting is analyzed to show those aspects of performance 
which can be predicted from considerations of thermodynamic equilibrium. It is con- 


cluded that equilibrium calculations can serve as a yardstick for prediction of roaster-gas 
composition and sulfate formation in the calcine for fluid-bed roasting practice. A method 
of calculation which combines the equilibrium and stoichiometric factors is outlined, and 


N first examination the roasting of sulfides would 
not seem to be a process to which equilibrium 
calculations could be applied to yield results of 
practical value. The burning of sulfides is an ex- 
tremely spontaneous reaction, excess air is alway 
used to obtain rapid reaction, and in most tradi- 
tional roaster design (hearth roasting) the tem- 
perature and gas composition vary widely from 
point to point in the roaster. These are all condition 
which promote a non-equilibrium state in the roast- 
ing process. 

However, the introduction of the fluid-bed roaste 
has brought to roasting practice new conditions of 
operation, so that equilibrium calculations can be 
used to predict certain limited aspects of practical 
operation. The fluid bed is characterized by uni- 
formity of temperature, gas composition, and calcine 
composition from point to point throughout the bed 
These relatively uniform properties of the bed make 
the meaningful calculation of the equilibrium state 
of certain reactions in roasting possible. It is the 
purpose of this paper to analyze roasting from an 
equilibrium viewpoint, to show where the method 
may be expected to yield valuable information, 
where it fails, and to outline methods of calculation 


Main Roasting Reaction 
The reaction 
MS (s) + 3/20 MO (s) + SO [1] 


might well be called the main roasting reaction. It 
adequately accounts for the well known facts that 
metal sulfide and air are the main reactants, and 
metal oxide and SO, the main products. Deviation 
from this simple stoichiometry will be discussed 
under side reactions 


H. H. KELLOGG, Member AIME, is Professor of Mineral Engi 
neering, School of Mines, Columbia University, New York City 
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illustrated by an example from the roasting of Cu-Fe sulfides. 


by Herbert H. Kellogg 


For all metal sulfides, Reaction 1 is stror “ly exo- 
thermic and the equilibrium position is far to the 
right. Since the reaction is exothermic, the equi 
librium shifts in the right-to-left direction as the 
temperature is raised. However, at all practical 
roaster temperatures (between 500° and 1200°C), 
the amount of this shift is small, and the equilibrium 
position remains far to the right. The main roast- 
ing reaction is essentially irreversible, and the appli- 
cation of equilibrium considerations to this reaction 
will not be a fruitful field of investigation 

A knowledge of the rate of this reaction, although 
not the proper subject of this paper, is of great im 
portance to the roasting proce Analysis of the 
factors which influence this rate shows that 

1) The rate will increase rapidly with increased 
temperature 

2) The rate will be proportional to the partial 
pressure of oxygen at the urface of the reacting 
particle Secause of diffusion effects, the partial 
pressure of oxygen at the particle surface may be 
considerably le than in the bulk of the roaster ga 
For this reason, intimate contact between gas and 
olid and high relative velocity between gas and 
olid, such as can be obtained in a fluid bed or flash 
roaster, will markedly increase the rate of reaction 

3) The rate will be proportional to the surface 
area of metal sulfide. Therefore, smaller particle size 
will permit a more rapid rate per unit of weight 

To achieve practical rate of roasting the partial 
pressure of oxygen in the roaster gases must be 
maintained at a finite level at all times. Even where 
the gas-solid contact is very good, as in the fluid 
bed roaster, the oxygen content of the gas must not 
be allowed to drop below some limiting value (per 
haps | pet), or the rate of the main roasting reaction 
will become too small for practical operation 


Side Reactions in the Gas Phase 
The gas phase during roasting of metallic sulfide 
contains the elements oxygen, sulfur, nitrogen, hy- 
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x= MOLS OF AIR PER MOL OF COPPER 


Fig. |—Equilibrium gas composition for roasting concentrate 
A. Temperature is 800°C and pressure is | atm 


derived from the 
roaster feed; oxygen, nitrogen, and hydrogen are 
derived from the air; oxygen and hydrogen may 
also be derived from moisture in the feed and from 
water used to control the temperature of roasting 
A minor amount of carbon may also be present in 
the gas phase, derived from the CO, content of the 
air and from the decomposition of carbonates in the 
feed. If fuel is necessary for roasting (non-auto- 
“enous roasting) the carbon content of the roaster 
gas will be significant 

If it is recalled that roaster gases must, of neces- 
‘ity, be oxidizing in nature, the stable compounds 
present in the gas phase can be listed as: O,, SO., 
SO,, N,, H,O, and CO,. The gases CO, H,, NH,, H.S, 
CS,, and S, are unstable in an oxidizing atmosphere, 
and therefore will be present in vanishingly small 


drogen, and carbon. Sulfur is 


amounts in roaster gases.* 
* Within a deep bed of roasting sulfides, where the oxygen supply 


may be temporarily exhausted, the gas S, may be present in sizeable 
mounts However, at the surface of the bed the S,» will burn to SO 


constituents there is 
This is the 


stable gas 
importance 


Among the six 
only one equilibrium of 
reaction 


SO, + % O SO, [2] 


Reaction 2 is exothermic. The standard free energy 
is given by Kelley’ as AG 21,600 2.305 T log 
T + 13.44 T. This equation was used to calculate 
the values of K, used in the numerical calculations 
given in this paper 

At low temperature (below 500°C) the equi- 
librium of Reaction 2, in an oxidizing atmosphere, 
is shifted predominately to the right (SO, is stable) 
However, the rate of this gas reaction is very slow 
at these temperatures, and a catalyst is required to 


obtain appreciable rates of formation of SO, from 
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SO, and O,. At higher temperatures (above 700°C) 
the equilibrium of Reaction 2 is shifted to the left 
(SO, is more stable), but finite amounts of SO, will 
still be present. Moreover, the rate of Reaction 2 
is appreciable above 700°C, especially in the pres- 
ence of certain metallic oxides which are catalysts 
for the reaction, so that roaster gases contain nearly 
equilibrium proportions of SO, and SO,,. 

The H.O, N,, and CO, contents of roaster gases act 
as inert diluents to the gas phase equilibrium repre- 
sented by Reaction 2. Since Reaction 2 involves a 
change in the number of moles of gas, the equi- 
librium will be pressure sensitive. Higher total 
pressure or lower content of inert gases at constant 
pressure has the effect of shifting the equilibrium 
of Reaction 2 to the right, toward a greater propor- 
tion of SO, The proportion of the inert diluent 
gases must therefore be known in order to predict 
the proportions of SO, and SO, in roaster gases 


Side Reactions in the Solid Phase 

In addition to simple metallic oxides such as MO, 
etc., and unreacted metallic sulfides, roaster solids 
may contain MSO,, MO-MSO,, MSO,, MO-M.O,, etc 

Metal sulfates are common constituents of roaster 
calcine. The equilibrium between sulfates and the 
roaster gas may be written in either of two ways 


MO + SO, [3] 


MSO, 
or 
MO O,. [4] 


MSO, SO, + 


Neither of these reactions alone is sufficient to de- 
scribe the equilibrium completely, since all three 
gases (O,, SO,, and SO,) are present. The correct 
application of the thermodynamic method to the 
equilibrium of sulfates in roasting requires that 
Reaction 2 be solved simultaneously with either Re- 
action 3 or Reaction 4. Once again the presence of 
the inert diluents (N,, H.O, and CO,) will affect the 
degree of dissociation of the sulfates, because of 
their effect on Reaction 2 

Many sulfates decompose in two or more stages, 
and basic sulfates are the intermediate products 
In such a case the equilibrium of sulfates in roast- 
ing must be calculated for each stage of decomposi- 
tion, as follows 


2MSO, — MO-MSO, + SO [5] 
MO-MSO, — 2 MO + SO, [6] 


Reaction 6 will have a smaller equilibrium constant 
(K Pw,) than Reaction 5; the basic sulfate will 
decompose at higher temperature than normal sul- 
fate. By consideration of the phase rule it can be 
shown that it is impossible for all three solids, MO, 
MO-MSO,, and MSO, to coexist in a system where 
temperature and total pressure are independent 
variables. Hence a calcine which is in equilibrium 
with the roaster gas may consist entirely of MSO,, 
a mixture of MSO, and MO-MSO, in equilibrium 
with Reaction 5, entirely of MO-MSO,, a mixture of 
MO-MSO, and MO in equilibrium with Reaction 6, 
or entirely of MO 

In a system containing SO, and MO, the formation 
of metal sulfites is possible. However, the sulfites 
of the common metals are all unstable at practical 
roasting temperatures (> 600°C), so that these com- 
pounds are not found in roaster calcine 

Roaster calcine is often found to contain complex 
oxides of which ferrites (MO-Fe,.O.) and silicates 
(MO-SiO,) are common examples. These compounds 
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may be undesirable constituents in a calcine be- 
cause of their low acid solubility and the difficulty 
of reduction to the metallic state. The formation of 
most of these compounds from the simple oxides is 
spontaneous in the thermodynamic sense at roastet 
the equilibrium cannot be re- 
The degree of 


temperatures, and 
versed under practical conditions. 
formation of complex oxides in a calcine can only 
factors which decrease the rate of 
the solid-solid reaction—lower temperature, less 
intimate mixture of the individual oxides, lower 
residence time in the roaster, etc 


be reduced by 


Equilibrium Calculations in Roasting 

From the preceding analysis it should be apparent 
that equilibrium calculations can be profitably ap- 
plied to two aspects of roasting performance. These 
are roaster gas composition, and proportion of sul- 
fate in the calcine 

The effect of temperature, pressure, concentrate 
analysis, proportion of air to solid feed, and enrich- 
ment of air with oxygen on both of these can be 
determined by the methods which will be outlined 
The calculations assume that the roaster gas can be 
characterized by a single composition and tempera- 
ture. This condition will be approached in practice 
only in a fluid bed roaster, where intimate mixing 
does result in relatively uniform gas composition 
and temperature 


Table |. Analysis of Hypothetical Concentrates A and B 


Mol per 
MelCu 


Mol per 


Wt Pet 100 G 


Concentrate A, High Copper, Low Sulphur, Low tron 


Cu, as sulfide 48.0 0.755 10 

Fe ilfide 11.0 0.197 0.261 

S,a ilfide 21.0 0 655 b 
H.), free and combined 5.0 0278 0.368 

co is carbonate to 0 068 0 090 ad 
Inerts, SiO»,, 120 


Concentrate B, Low Copper, High Sulphur, High Iron 


slficte 17.3 0.272 1.0 

Fe fide 11.5 0 564 2.07 

S, as sulfide 6.2 1.130 4.15 t 
H ©). tree d combined 0 0.278 102 

co carb ate 10 0 068 0.25 d 
Inert SiQsy, et 7.0 


R VOL PCT 


SOMPOSITION , MOL 


650 7H 750 60 a 49 
TEMPERATURE OF ROASTING, * 


Fig. 2—Equilibrium gas composition for roasting concentrates 
A and 8; no sulfation of calcine is assumed. Pressure is | atm 
and X is 10 mols of air for concentrate A and 40 mols of air 
for concentrate B. Air is normal (20.7 pct O.) 
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For illustrative purposes, the roasting of a Cu- 
Fe-S concentrate will be considered. This is chosen 
because there is considerable current interest in 
dead-roasting copper concentrates to prepare feed 
for electrowinning of copper. For this purpose it is 
important to predict the conditions which will yield 
CuO, rather than CuSO,, since the simple oxide, 
provided it is acid soluble, would permit a closed 
circuit leaching-electrolysis. A calcine consisting of 
CuSO, would require a means of stripping sulfuric 
acid from the leaching-electrolysis circuit. Another 
matter of importance is that the iron content of the 
calcine be in the relatively insoluble form of Fe,O,, 
rather than soluble sulfate 

Stoichiometric Basis—Since roaster gas composi- 
tion is determined by stoichiometry as well as equi- 
librium considerations, an initial choice of stoichio- 
metry is necessary. One of the principal variables 
in roasting practice is a stoichiometric variable-—the 
In order to permit 
calculations on the effect of such variables, the 
stoichiometry will be stated in terms of variable 
parameters as follows 

1) X mols of air with a mol fraction of oxygen 

equal to a 
rX mols of oxygen 
(l-x2)X mols of inerts CO, H,O) 

2) For each X mols of air, the amount of solid 
feed introduced i 1 mol of copper as sulfides, a 
ulfides, b mols of sulfur as sulfide, 
(free and combined), and d mol 


proportion of air to solid feed 


mols of iron as 
c mols of moisture 
of decomposable carbonates 

The choice of stoichiometry in this manner per- 
mits study of the effect of concentrate composition 
(a, b, ce, d), proportion of air to concentrate (X), 
and enrichment of the air with oxygen (.r) 

Irreversible Oxidation—If calculation of 
roasting conditions is desired, the change in gas 
toichiometry during roasting, exclusive of the equi- 
librium effects to be considered later, can be calcu 
lated as follow 

The stable oxides of copper and iron under the 
umed here are CuO and Fe,O 


dead 


roasting conditions a 
Hence the 
proceed to completion 
(1) Cu (0.5)0O, ~ (1)Cu0O 
(a)Fe (0.75a)O, ~ (0.54) 
(b)S + (b)O, ~ (b)SO 


following reactions can be assumed to 


N rX (0.5) (0.75a) b 
b 
N’ (l-er)X 
where N’.., N’w,, and N’, are the number of mols of 


Q., SO., and inert gase 
a result of the irreversible oxidation of the feed 

for partial oxidation of the 
toichiometric coefficients in 


present in the roaster gas as 


If making calculation 
ulfides is desired, the 
the irreversible oxidation equations can be set to 
any fractional value desired 

Roaster Gas Equilibrium Case A—No Stable Sul- 
fates—-It remains to calculate the change in gas 
composition which will occur when any desired set 
of equilibrium conditions is imposed on the roaster 
performance. As was pointed out earlier, one im- 
portant reaction which probably 
practical roasting conditions 
to be carried out at 
relatively high temperature ulfates are 
table, Reaction 2 is the only one which will further 
effect the exit composition of the roaster ga To 
under 


approaches equi- 
librium closely under 
is Reaction 2. If the roasting is 


where no 


calculate the equilibrium gas composition 


these conditions we may proceed as follows 
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oH 
we 
‘ate 
a 
oa(conc Al 
2 
4 c 8) wees 
Pe 
503 
” Ket 
2 50. 
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Let SN be the number of mols of Reaction 2 which 
occur in the left to right direction in order to bring 
the gas composition from the value N’o,, N’ N’; to 


the equilibrium composition, No,, Ne», Ne», N,. Then 


N rX 0.5 — 0.75a —b — AN/2 
N b ASN 
SN 


N, (l—xr)X+c+4+d 
X — 0.5 — 0.754 — 4N/2 + ¢ + d. 
The equilibrium partial pressure of O,, SO,, and 


SO, will be given by 


p N p (rX —0.5—-0.75a—b—AN/2)P 

N ww (b AN)P 

Pu P [b] 
X —0.5— 0.754 —AN/24+c4d 

N wir ASN P 

Poo, - [ec] 
N, X —0.5— 0.75a 


The values of the partial pressures given by Eas 
a, b, and ¢ can now be solved simultaneously with 


the expression for the equilibrium constant of Re- 
action 2 


K 
Pe 


If the initial stoichiometry (X, x, a, b, ¢, d), the 
(which determines the value of K), 
and the total pressure (P) are assigned numerical 
values, then Eqs. a through d can be solved simul- 
taneously to yield values of AN, Po, Pw... P The 
general solution to these equations | 


temperature 


\N(X —0.5—0.75a —AN/2 +¢+4 d) 


AN) — 0.5 


0.75a —b—AN/2) 


Eq e, which look 
fied when numerical values are 


complex, is considerably simpli- 
ubstituted, and AN 
may be easily determined by trial and error solution 

The advantage of the method is illustrated in Figs 
1 and 2, where the effects of proportion of air to 
concentrate (X), enrichment of air with oxygen 
{r), temperature, and concentrate composition on 
the equilibrium roaster-ga hown 

Fig. 1 shows the ga composition resulting from 
the roasting of hypothetical concentrate A, see Table 
at 800°C and 1 atm total pressure 
The gas composition is shown as a function of X. the 
proportion of air to concentrate, for two different 
normal air, 20.7 pet 


composition are 


compositions of entering air 
Q,; and enriched air, 32 pet O 

The curves of Fig. 1 show that the SO, content 
decreases and the O, content increases as a greatet 
excess of air i The SO, con- 
through a maximum. For a minimum of 
excess air, the SO, content is low because Reaction 
2 is shifted to the left due to the low partial pres- 
sure of O of air, the SO, content 
is low because the large excess of N, acts as a diluent 
to shift the equilibrium of Reaction 2 to the left 

For a fluid-bed roaster, operated to obtain maxi- 
mum SO, concentration, 4 pet O, in the roaster gases 
may be taken as a typical oxygen content if dead 
to be obtained. Under these 


used for the roasting 
tent got 


For a large excess 


roasting is conditions 


Fig. 1 shows that the roaster gases will contain 8.0 
pet SO, and 1.3 pet SO, if 9.6 mols of normal air is 
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used, and 13 pct SO, and 2.3 pct SO, if 5.8 mols of 
air enriched to 32 pct O, is used. The advantage of 
oxygen enrichment is that a higher SO, content in 
the roaster gas can be achieved with a smaller bur- 
den of air. In cases where the sulfide content of the 
concentrate is low, the decreased air burden asso- 
ciated with the use of enriched air could well mean 
the difference between success or failure of auto- 
geneous roasting. 

Fig. 2 shows the gas compositions resulting from 
the roasting of concentrates A and B, see Table I for 
analysis, with normal air at 1 atm total pressure as 
a function of the roasting temperature. For con- 
centrate A the proportion of air, X, was chosen as 
10.0 mols; for concentrate B, X was chosen as 40.0 
mols. These values of X were chosen because they 
yield oxygen percentages in the roaster gas which 
are approximately equal for concentrates A and B, 
and which are in the practical range, 3 to 5 pct O,, 
for fluid-bed roasting 

The results shown in Fig. 2 illustrate the effect of 
concentrate grade on roaster gas composition. At 
800°C, concentrate A yields a gas with 7.6 pet SO,, 
while concentrate B, which contains more sulfur, 
yields a gas with 9.0 pet SO,. The same graph also 
illustrates the increase of SO, content in the gases 
as the temperature is increased. This effect results 
from the decrease in SO, content of the gases, ac- 
cording to the reverse of Reaction 2, as the tempera- 
ture is increased. 


Formation of Sulfates in Roasting 


The gas compositions shown in Figs. 1 and 2 were 
calculated on the assumption that all the sulfur 
present in the concentrate was transferred to the gas 
phase as SO, and SO,. If any solid sulfates were to 
form, it would invalidate the results shown in these 
figures. The validity of the assumption can be read- 
ily checked and the conditions for sulfate formation 
determined by consideration of the equilibrium re- 


Table tl. Equilibrium Constant for Reactions 7 and 8 


K P K Ps 
600 873 $.52x10 

625 BOK 8 47x10 * 
650 92:4 1.94x10 4.05x10-* 
675 O48 424x110 

700 973 1.92x10-* 
127 1000 1 88x10 4.14x10" 
750 1023 1.44x10 7.65x10-* 
175 1048 1 46x10 
800 1073 2.68x10 


actions for sulfate formation. The copper sulfates 
are considerably more stable than the iron sulfates 
and will be considered first. The two recognized 
cupric sulfates are CuSO, and CuO - CuSO, Their 
equilibrium formation reactions are most conven- 
iently written in the form 


2 CuSO, (s) = CuO - CuSO, (s) + SO,(g) [7] 


CuO - CuSO, (s) 2 CuO (s) SO, (g) [8] 
The data of Kelley’ permit calculation of the 
equilibrium constants for these reactions. The re- 
sults are shown in Table II 
The data of Fig. 1 were all calculated at 800°C and 
1 atm pressure. At this temperature the equilibrium 
partial pressure of SO, over a mixture of CuO and 
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[e] 


CuO - CuSO, is 0.0268 atm (2.68 pct SO,). Since the 
SO, contents obtained for roasting with normal air, 
Fig. 1, were in no case greater than 1.4 pct, 
CuO - CuSO, is unstable under all conditions for this 
case. For roasting with enriched air the optimum 
SO, content, see Fig. 1, reaches about 2.65 pct. This 
is close to the condition where CuO - CuSO, would 
be stable (2.68 pct SO,), but still too low to permit 
formation of this compound. CuS0O,, according to 
Reaction 7, requires even larger percentages of SO, 
for stability. Therefore, it will also be unstable for 
all conditions considered in Fig. 1. It may be con- 
cluded that the gas compositions, calculated and 
reported in Fig. 1, do not permit formation of cop- 
per sulfates 

For the conditions of roasting considered in Fig. 2, 
however, copper sulfate formation at the lower 
temperatures is possible. This may be seen by ref- 
erence to Fig. 2, on which the curves for the partial 
pressures of SO, for Reactions 7 and 8 are also shown 
The curve for the SO, pressure of mixtures of 
CuO-CuSO, and CuO, Reaction 8, is shown to cross 
the curve for the SO, pressure in the roaster gases 
at 785°C for concentrate B, and 780°C for concen- 
trate A. These temperatures are, therefore, the deu 
pointst of CuO - CuSO, Below 785°C, finite quan- 

Dew point is used in this paper to mean the temperature at 


which an infinitesimal amount of a new solid phase is stable in the 
ystem 


tities of the basic sulfate will exist in the calcine of 
concentrate B, and the roaster gas composition from 
Fig. 2 will be rendered invalid 

The correct calculation of roaster gas composition 
and the amount of copper sulfate in the calcine at 
temperatures below the dew point of the sulfate are 
found by the following steps 


A) Calcine contains only CuO 
Calcine is a mixture of CuO + CuO - CuSO, 
C) Calcine contains only CuO - CuSO, 
Calcine is a mixture of CuO - CuSO, +CuS0O, 


‘alcine contains only CuSO, 


The gas and calcine compositions of concentrate B 
for each of these steps, from no sulfation to complete 
sulfation, are shown in Fig. 3 by the solid lines 

Before proceeding with the methods of calculation 
for each of these steps, the underlying assumption of 
equilibrium should be once again explained. The 
calculations assume that all the roaster gas can 
come to equilibrium with all the solid calcine. This 
is a limiting condition that may be approached in a 
properly operating fluid-bed, but would certainly 
not apply to hearth roasting. Slow reaction rates 
between the gas and solid will cause departures be- 
tween the theoretical and practical results, but this 
does not detract from the value of the theoretical 
calculations as a yardstick against which to measure 
actual performance. 

Step A—Calcine Contains Only CuO—This is the 
condition for which gas compositions have already 
been calculated and reported in Fig. 2. Above the 
dew point of CuO - CuSO, (785° for concentrate B), 
the calculatons reported in Fig. 2 are valid. These 
results have been transferred to Fig. 3 and labelled 
as step A 

Step B—Calcine is a Mixture of CuO and 
CuO - CuSO.—The dew point of CuO - CuSO, is de- 
termined from the intersection of the K, curve with 
the curve for the partial pressure of SO, cal ulated 
for the conditions of step A. This yields the deu 
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point of CuO - CuSO, as 785°C, with a roaster-gas 
composition of SO 1.88 pet, SO 8.8 pet, and 
© 4.4 pet 

The next condition for which calculations will be 
made is that in which all the CuO, except for an 
infinitesimal amount, ha been converted to 
CuO - CuSO.. The gas stoichiometry for this condi- 
tion will differ from that for case A only to the 
extent that '» mol of SO, is removed from the gas 


phase to form ‘2 mol of CuO - CuSO,! The stoichi- 

The 's | arises from the fact that the calcine contains 1 mol 
of coppe of whiel wsumed to be in the form CuO « CuSO, 
Hence eact ‘ f copper issociated with ‘y mol of SO 


ometry may, therefore, be written as 


rX 0.5 0.75a b sN/2 
b — AN 
AN 0.5 


(1 
X 1.0 0.75a c+d AN/2 


22222 


Since both CuO and CuO - CuSO, are present, 
although there is only an infinitesimal amount of 
CuO. Reactions 8 and 2 are both valid equilibrium 
relations. Therefore, the equations to be solved are 


(AN 0.5) P 
K 
X 1.0 —0.75a AN/2+c4+d 


P P 


(AN 0.5) (X 1.0— 0.75a AN/2+cec+d)” 


(b AN) 0.5 — 0.75a b sN/2)'°P 
[10] 


Substitution of numerical values for X, x, a, b, ¢, 
d, and P allows considerable simplification of Eq: 
9 and 10, and leaves two unknowns, SN and tem- 
perature (which determine K, and K,). These 
equations can be solved simultaneously by a trial and 
error solution. For the fixed conditions assumed for 
the data of Fig. 3, the solution is T 780°C, SO 
1.66 pet, SO, — 7.90 pet, and O, — 3.97 pet 

Reference to Fig. 3 shows that the absorption of 
% mol of SO, by the calcine to form CuO CuSO,, 
tep B, between the temperatures of 785° and 780°C 
causes an abrupt reduction of the SO, and O, con- 
tent of the roaster ga 

Step C—Caleine Contains Only CuO-CuSO, 
When all the CuO in the calcine has been changed 
to CuO - CuSO, (780°C), the calcine cannot absorb 
more SO, from the gases, because formation of 
CuSO, from CuO-CuSO,, Reaction 7, requires much 
higher pressures of SO, than exist in the roaster 
pase Therefore, at temperatures below 780 C, the 
caleine remains wholly in the CuO CuSO, condi- 
tion, but the roaster gas can no longer be in equilib 
rium with either Reaction 7 or Reaction 8, In this 
region, step C, only Reaction 2 can reach ¢ quilibrium 
The gas stoichiometry will be the same as that just 
calculated for the condition where only an infinites- 
imal amount of CuO is present. Therefore, the valid 
equation to calculate equilibrium 1 Eq. 10 

After substitution of numerical values, Eq. 10 
contains the unknowns K, and AN. It is readily 
olved by assumption of a value for SN and calcu- 
lation of the resulting value of K,. The temperature 
corresponding to this value of K, may then be found 
from a plot of K, vs T. Values of P Pp and P. 
can be calculated from the value of AN. In this way 
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Fig. 3—Sulfation of 
concentrate B in 
roasting. Pressure is 
1 atm, and X is 40 
mols of air. Air is 
normal (20.7 pct O,) 


60 780 
TEMPERATURE 


the temperature variation of Pw, Pse,, and Po, is de- 
termined and plotted on Fig. 3, step C 

Step D—Calcine is a Mixture of CuSO, and 
CuO - CuSO,--The gas compositions calculated ac- 
cording to step C are valid only so long as the value 
of Pe, lies below the equilibrium pressure of SO, 
over mixtures of CuSO, and CuO-CuS0O,, Reaction 
7. Fig. 3 shows that at 735°C these lines cross, so 
that this temperature is the dew point of CuSO, At 
735 C, an infinitesimal amount of CuSO, can exist in 
the calcine 

At temperatures below 735°C, Eq. 10 no longer 
yields valid values for the gas composition, because 
finite amounts of SO, are absorbed by the calcine to 
form CuSO, 

The temperature at which all but an infinitesimal 
amount of CuO CuSoO, has converted to 
CuSo, will now be calculated. The gas stoichiometry 
for this condition is the same as for step A, except 
that | mol of SO, has been consumed by the calcine 
to form 1 mol of CuSO, 


been 


rX — 0.5 — 0.75a — b — AN/2 
b AN 
AN 1.0 

(ler)X 4+e4d 


xX 1.5 — 0.75a AN/2+cec4+d 


Reactions 2 and 7 can both reach equilibrium 
Therefore, the valid equations are 
(AN — 1.0)P 
K Pu [11] 
X 0.75a AN/24c¢+4+d 
Pw 


Pwo,Po 
(AN LO)(X 1.5 0.754 


(b AN) (xX — 0.5 


K 
SN/24c+4+d) 
0.75a — b — AN/2)""*P 

Eqs. 11 and 12 may be solved simultaneously in 
the manner previously described to yield the result 
T = 730°C, SO 6.40 pet, 0 3.21 pet, and SO, 
2.04 pet 

The plot of these data on Fig. 3, step D, once again 
shows a sharp decrease in the SO, and O, content of 
the roaster gas due to the absorption of sulfur by 
the calcine 

Step E—Calcine Contains Only CuS0O,—Below 
730°C the copper content of the calcine cannot ab- 
sorb more sulfur, because it already is entirely con- 
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verted to CuSO,. Therefore, Reaction 7 can no longer 
come to equilibrium, and Eq. 12, alone, will correctly 
predict the gas composition at temperatures below 
730°C. Eq. 12 has been solved for temperature down 
to 700°C. Results, reported in Fig. 3, show the trend 
of gas composition for this step. 

The gas compositions, so calculated, will correctly 
represent the equilibrium gas composition in the 
roaster, until the temperature drops to a region 
where other sulfates—such as iron sulfates—may 
be stable 

Formation of Iron Sulfates 

Reliable thermodynamic data on the decomposi- 
tion of iron sulfates are not available. If they were, 
the temperature regions for formation of iron sul- 
fates could be calculated by the methods outlined in 
this paper 

Practical roasting experience shows that iron sul- 
fates do form during roasting of Cu-Fe sulfides be- 
low 600°C.” By raising the roasting temperature 
above 650°C most of the iron in the calcine is con- 
verted to the oxide form. Evidently the iron sulfates 
are considerably less stable than the copper sulfates 


Summary of Calculations on Sulfate Formation 
The calculations summarized in Fig. 3 have the 
following meaning and significance: 


1) The concentrate (B) is a copper-iron-sulfide 
containing 17.3 pet Cu (as sulfide), 31.5 pet Fe (as 
sulfide), 36.2 pet S (as sulfide), 5 pet moisture, and 
3 pet CO, (in the form of carbonates which decom- 
pose below 700°C). It is roasted with normal air 
(20.7 pet O,) in 40 mols of air per mol of copper in 
the concentrate at atmospheric pressure 


2) The calculations show that if the gas and 
calcine are at equilibrium at all times, the roasting 
temperature will have the following effect on the 
result 

a) Below 730°C all the copper in the calcine 
will be in the form of CuSO, At 730°C the gas 
composition will be 6.4 pet SO,, 3.2 pet O,, and 
2.0 pet SO, 

b) Between 730° and 735°C the calcine will 
consist of mixtures of CuSO, and CuO - CuSO, 
At 735° only an infinitesimal amount of CuSO, 
will remain, and the gas composition will be 7.25 
pet SO,, 3.65 pet O,, and 2.35 pet SO,. 

c) Between 735° and 780°C the calcine will 
contain only CuO - CuSO, At 780°C the gas com- 
position will be 7.9 pet SO,, 3.97 pct O,, and 1.66 
pet SO, 

d) Between 780° and 785°C, the calcine will 
consist of mixtures of CuO and CuO - CuSO, At 
785°C the amount of CuO - CuSO, will be infini- 
tesimal, and the gas composition will be 8.8 pct 
SO,, 4.4 pet O,, and 1.9 pet SO, 

e) Above 785°C the calcine will contain only 
CuO 


3) These theoretical performances will be most 
nearly approached in actual practice for roasters 
having uniform temperature and gas composition, 
such as the fluid-bed type 


4) The temperature regions for stability of the 
copper sulfates calculated are not unique for the 
copper sulfates, but are strongly dependent on the 
stoichiometry of the concentrate, roaster air, and 


total pressure. For instance, for roasting of con- 
centrate A under the conditions shown in Fig. 2, the 


dew point of CuO - CuSO, is 780° (785° for concen- 
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trate B), formation of CuO - CuSO, is complete at 
750° (780° for concentrate B), and the CuSO, dew 
point is 707° (735°C for concentrate B) 

Use of these methods of calculation shows that 
reduced pressure roasting (% atm) would permit 
decomposition of copper sulfates at temperatures 
about 50 degrees lower than at atmospheric pres- 
sure. This effect of pressure results from the pres- 
sure dependence of the equilibrium of Reaction 2. 

It should thus be clear that there is no unique 
temperature at which decomposition of any sulfate 


in roasting occurs. Rather, the decomposition tem- 
perature is a function of the stoichiometry of the 
system and the total pressure 
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Technical Note 


N the silicothermic reduction of magnesia, burned 
dolomite is treated with high grade ferrosilicon in 
an evacuated steel retort at temperatures between 
1150° and 1200°C.' The following reaction is as- 
sumed to occur 
MgO + CaO + % Si (Fe) Mg(g) 
with the equilibrium constant 


\/ Acagnin,g 
K I 


Acen* 


On the basis of thermodynamic data for the sub- 
stances involved and assuming unit activity for all 
solid constituents, Kubaschewski and Evans’ calcu- 
lated the magnesium pressure as a function of tem- 
perature 
log pu, (mm Hg) 
Pidgeon and King, 
pressure by means of a flow method, found value 
about three times the calculated ones. This may be 
caused by uncertainties in the thermodynamic data, 
but may also be caused by the formation of other 
reaction products, such as Ca,SiO,, which is known 
to be the stable silicate in equilibrium with lime 
Whatever the exact reaction may be, it is evident 
that as long as all other factors are maintained con- 
stant the magnesium pressure will vary with the 
activity, viz: (pu,) where 
is the magnesium pressure by the reduction 


15.06 1.61-T-log T — 13,160/T 
who measured the magnesium 


silicon 
(Pu, ) 
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Silicothermic Reduction of Magnesia and Ferrosilicon Activities 


by Bernt Ellingsaeter and Terkel Rosenqvist 


In the present inves- 
various 


with silicon of unit activity 
tigation, py, Was therefore measured for 
grades of ferrosilicon and their silicon activities 
were calculated 

The experimental method was similar to that 
used by Pidgeon and King. Briquettes of burned 
dolomite and Fe-Si alloys were placed in a 1 in 
heat resistant steel tube and were heated to 1200°C 
By means of a flow of purified hydrogen, the mag- 
wept into a condenser filled with 
of hydrogen used and 


nesium vapor wa 
teel wool, From the amount 
magnesium condensed the magnesium partial pres- 
sure was calculated 

First a tube of 28 pct Cr steel, and later a tube 
of Kanthal D (a ferrous alloy with 22.6 pet Cr, 2 pet 
Co, and 4.5 pet Al), was used as a heat resistant 


The latter tube showed the best heat resist- 


tube 
ance 

The dolomite used had the following composition 
43.6 pet MgO, 55.5 pet CaO, 0.2 pet KO + Na,O, 
0.2 pet Fe,O,, and 0.3 pet insoluble. The ferrosilicon 
were prepared from 98 pct Si of technical grade 
(0.7 pet Al, 0.3 pet Ca, and 1 pet Fe) by melting 
with various amounts of electrolytic iron of high 
purity. The alloys thus obtained were analyzed on 
their iron and silicon contents, which added up to 
between 99 and 100 pet 

The amounts of reactant 
there would always be an exce 
the average decrease in silicon content during the 
experiments would be about 1 pet. Most of the re- 
action occurred in the part of the reaction mixture 
facing the gas flow. The change in the silicon con 
condenser was, 


were chosen so that 
of the oxides, and 


centration in the part facing the 
therefore, negligible 

To facilitate the reaction 
was added to the briquette mixture 
known to act as a 


about | pet fluorspar 
Fluorspar doe 
not enter the reaction, but i 
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Fig. 1—Silicon activities for the system Fe-Si: a) 1200°, re 


ferred to solid silicon, this investigation, b) 1500°, referred 
to molten silicon,’ and c) 1500°C, referred to molten silicon.’ 


possibly by forming low melting eutectics 

olid grain Some experiments with 
were made without this addition. The 
same results were obtained, which indicates that the 
values are rather close to equilibrium. This is further 
upported by the fact that a change in the gas flow 
between 170 and 230 cu cm per min did not notice- 
affect the observed magnesium pressure. For 
t of the experiments, a gas flow of 230 cu cm 
per min was used. In analogy with previous work 
with H.S—H, gas mixtures, this is believed to be 
large enough to overcome thermal diffusion effects 

All experiments were carried out at 1200°*2°C, 
which is below the eutectic temperature for the 
higher grades ferrosilicons, but a few degrees above 
the eutectic in the 30 to 50 atomic pet Si range. This 
caused a slight fusion of the alloy, which eventually 
led to the destruction of the heat resistant tube 

For the 98 pet Si alloy the magnesium pressure 
over the reaction mixture was found to be 30.7+1 
mm Hg (average of four runs). This is slightly less 
than the value found by Pidgeon and King, 34.4 mm 
Hg, but appreciably more than the calculated value, 
10.5 mm. Taking the value for the 98 pct Si as 
representing unit silicon activity, the silicon activi- 
ties for the other were obtained as 
shown in Fig, | 

The activity remains practically constant between 
100 atomic pet Si, corresponding to 
this two phase alloy with silicon as the 
active phase. The curve shows rather marked drops 
in the silicon activity at 70, 50, and 30 atomic pct Si, 
the compositions which correspond to the (-phase 
(Fe,Si,), the (FeSi), and the saturation 
limit for the last drop may also be 
caused partly by the eutectic melt between the 
a-phase and «-phase. In Fig. 1 activity curves are 
also drawn, for comparison, for the molten Fe-Si 
alloys at 1500°C, as determined by Chipman et al.’ 
and by Sanbogi and Ohtani. These curves show the 
same general trend as the curve for the solid alloys 
tepwise increase in activity at the 


catalyst, 
around the 
08 pet Si 


ably 
the re 


ferrosilicons 


about 70 and 
being a 


«-phase 


a-phase. The 


except for the 
compositions of the intermediate solid phases 
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Fig. 2—Integral free energy for the iron silicides at 1200°C, 
assumed 7», in the + and «-range 10 


which is 
was found 


with 29 
silicon 


For the alloy atomic pct Si, 
inside the a-range, the activity 
equal to 0.003, corresponding to an activity coeffi- 
cient of 10°. This is of the same order of magnitude 


as for a dilute solution of silicon in molten iron at 
1500° to 1600°C, as given by Chipman et al. (y5Si 
0.005) and by Sanbogi and Ohtani (y5i 0.013) 


Calculations of the relative integral free energies 
of formation for the iron silicides are not strictly 
possible without knowledge of the activity relations 
for the solid solution of silicon in y and a-iron. 
Approximate calculations are possible, however, if 
the activity coefficient of silicon is assumed to be 
constant and equal to 10° up to 29 atomic pct 5! 

This simplification implies that the tron activity 
follows Raoult’s law, which gives the relative inte- 
gral free energy in the y-a range as equal to 


ASF = RT [N,y. In Ny, + Nx, In (10° N,,) ]. 
For the two phase region a-e, the curve, Fig. 2, is 
extended toward the value for the partial free energy 


for silicon in this range, 8.7 keal. For the two 
phase regions «-( and (-#, the curve is extended 
further toward the partial free energy for silicon 
in these ranges, 2.4 and 0 keal, respectively. The 


uncertainty introduced by this procedure is rather 
large, but diminishes toward the high silicon range 
Taking the assumed activity coefficient in the y-a 
region as correct within a factor of 10, the follow- 
ing values for the energy of formation are 
obtained: for the reaction Fe+Si FeSi, AF 

13.5+2 keal; for the reaction 2 Fe 5 Si Fe.Si., 
AF, 35+4 kcal; and, finally, for the reaction 
2 FeSi + Si Fe,Si,, SF ya: 8+1 keal 
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AIME Annual Meeting 


New Orleans 
February 24 to 28, 1957 


TIME TO MAKE PLANS... SOCIAL EVENTS 
... for the 1957 Annual Meeting—top flight All traditional Annual Meeting gatherings 
technical program—varied are on the schedule—Welcoming Luncheon, 
and all the New Orleans attractions! Mining Dinner-Smoker, Informal Dance, Annual 
and Petroleum Branch headquarters will be Banquet—as well as the Branch and Divi- 
the Roosevelt Hotel, and the Metals Branch sional activities. The informal dance will be 
headquarters will be the Jung Hotel. The held aboard the S.S. President. 
meeting is under the general sponsorship of 
the Delta Section. LADIES’ PROGRAM 
Details so far set include a Luncheon and 
TECHNICAL PROGRAM Fashion Show on Tuesday and coffee hour 
Schedules are already well -advanced to Monday morning. 
bring you one of the best balanced programs 
ever. The All-Institute meeting on Tuesday Turn the page for more on “What to See 
afternoon will be one of the highlights. and Do” in New Orleans 


| expect to attend the AIME Annual Meeting to be held in New 
Orleans, La., February 24 to 28, 1957 and request reservation 
: bedroom. My choice of hotel is: 


MAIL THIS CARD 


to request hotel reserva- 
tions. Rooms have been 
reserved in the following 
hotels: 


First Choice 
Second 
Third Choice 


| expect to arrive about _.._........ on 
(A.M, or P.M.) 


| expect to leave about _- a 
(A.M. or P.M.) 


| will share a room with 


FIRM 
ADDRESS 


Al ME ‘ae 
aan 
| 
= 
| = 
Roosevelt 
Monteleone (Date) 
Pontchartrain NAME 


What te Do and See in Tew Orleans ........., 


No other city in this country is 
like New Orleans. It offers more 
varied types of interest than any 
other city in the United States and 
is perhaps the only city that gives 
the visitor the feeling that he is both 
in the United States and out of it. 
New Orleans offers the contrast of 
an old and a new civilization. 


To some tourists, New Orleans is 
first of all a place to eat, drink and 
be merry, it’s Bourbon St., the night 
life beat, the “little Paris of gaiety, 


girls, gags, gourmets and jazz.” 


Yet New Orleans is likewise a 
pious, virtuous city, with a strong 
continental flavor, offering a rich 
variety of experiences for more 
serious-minded folk. 


And certainly, with its Vieux 
Carre, or “Old Square,” once the 
walled city of Nouvelle Orleans, it is 
one of the most interesting spots in 
the United States. 


New Orleans has been called the 
gourmet’s capitol of the world. Some 
of its restaurants enjoy international 
fame, and then there are dozens not 
as well known, but as notable for 
their distinctive cuisine. French, 
Creole, Italian, Mexican and Chinese 
foods, on a par with the best in other 
cities, reward the adventurer; who- 
ever will make an effort to find these 


smaller but interesting eating places 


will discover the most fascinating 
and varied and delicious food in 
America. 


Dixieland jazz is the real New 
Orleans music, born here per- 
fected here, and still heard 
some of the best of the old 
play in various spots about the city. 


New Orleans is truly an American 
city but more than any other Ameri- 
can city it offers a distinct foreign 
atmosphere. The city was founded by 
the French in 1718 and later came 
under the domination of the Spanish. 
So when in 1803 New Orleans 
became an American city, it pos- 
sessed a well established civilization, 
steeped in Latin tradition. Much of 
that tradition has been preserved to 
this day. Many of the the scenes and 
settings of the romances and trag- 
edies of old likewise have been pre- 
served and the visitor to New 
Orleans today can still perceive the 
atmosphere of old France and old 
Spain and can still feel the influence 
of this early Creole period. 


If one likes history and romance, 
New Orleans has it. The visitor will 
find it in the Vieux Carre, which to- 
day is more popularly known as the 
French Quarter, where the old-world 
atmosphere of the early city can be 
captured. This old section of New 
Orleans is particularly fascinating 
because of its narrow streets, its 
sloping roofs, shaded patios, fancy 
iron balconies, fan windows and 
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mysterious alleys and passageways. 
Still re-echoing from this old section 
are the sins or noble deeds of such 
notable personalities as the Lafitte 
pirates, Audubon the naturalist, 
Morphy the chess wizard, Paiti and 
Lind the singers, Andrew Jackson, 
Paul Tulane, John McDonogh, the 
Baroness Pontalba and a host of 
others. 


Grouped around Jackson Square 
are the most interesting buildings of 
the Vieux Carre. This square is the 
old Place d’Armes of French New 
Orleans and when designed was 
meant to be the very soul of the 
city. There the early settlers built 
the old parish church, which was de- 
stroyed by fire but which still lives 
today in the St. Louis Cathedral. The 
Cathedral, which dates back to 1794, 
has venerable neighbors in the 
Cabiido and the Presbytere. In his- 
torical importance, the Cabildo 
eclipses its twin in appearance, the 
Presbytere, because it was in the 
hallowed halls of the former that the 
ceremonies connected with the 
transfer of the Louisiana Territory 
took place, giving the United States 
new territory from which thirteen of 
the states have been carved in whole 
or part. The Cabildo and the Pres- 
bytere now house the priceless relics 


maintained by the Louisiana State 
Museum. 


The French and Spanish inhabi- 
tants of New Orleans were proud of 
their Latin heritage and resentful of 
any attempt to impose a new system 
upon them or their city. Thus, when 
Louisiana became part of the United 
States in 1803 and there came a great 
influx of Americans with different 
customs and a different language, it 
was but natural that conflicts and 
antipathies should arise. This re- 
sulted in the Americans establishing 
a colony of their own and what was 
virtually a different city developed 
on the opposite side of Canal St., still 
the dividing line of the old city and 
the new, still the dividing line of 
uptown and downtown. 


TOURS: Among the typical organ- 
ized tours of the city available for 
the ardent sightseer are: Harbor 
Sights, 2% hr.; City and Suburbs, 75 
miles, 5% hr.; Circle tour of Garden 
District, Lake and River; Modern 
New Orleans; Historic Chalmette 
River and Vieux Carre; as well as 
all inclusive tours of old and new 
city areas. 
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Rocky Mountain Minerals Conference 
September 26-28, 1956 


Once again Salt Lake City will play host to the 
Rocky Mountain Minerals Conference for their 
third annual meeting Wednesday to Friday, Sept 
26-28, 1956. The program is designed to attract 
members of all three branches. The AIME Utah 
Section, sponsoring the Conference for the second 
year, has arranged a variety of technical sessions, 
symposiums and field trips, as well as more relaxing 
activities such as luncheons, cocktail parties and a 
dinner-dance. A new feature will be the Miner’s 
Breakfast, and those attending are urged to insure 
informality by coming unshaven and in western 
garb. A special luncheon and fashion show for the 
ladies will be held at the Salt Lake Country Club, 
and a coffee party at the Newhouse Hotel 

Technical sessions will cover such topics as coal 
and iron mining, monazite deposits, production of 
titanium metals, the manufacture of sulfuric acid 
and processing uranium ores. These morning and 
afternoon sessions on Wednesday and Thursday will 
not conflict since there are no simultaneous pro- 
grams scheduled 

At the Welcoming Luncheon Wednesday, the guest 
speaker is Governor J. Bracken Lee of Utah. A gay 
evening is assured when the mining companies and 


IMD Fall Meeting 


uppliers hold their cocktail party that night. Thurs- 
day's highlight is the Minerals Luncheon, at which 
time John C. Kinnear, Jr... EMD Chairman, will 
addre the group. The Friday symposium on 
loading and transportation promises to be a reward- 
ing one, with specialists in the field offering a com- 
prehensive picture of new methods, practices and 
equipment. Friday afternoon has been reserved for 
field trips. Buses will be provided to Calera Cobalt 
Refinery, Utah Oil Refinery, Western Phosphates 
Mill and Vitro Uranium Mill 

Officers of the Utah Section, conference host, are 
Neil Plummer, chairman, and Dan McElhattan, vice 
chairman. R. C. Cole, general chairman, and A. J 
Thuli, assistant general chairman, are responsible 
for conference arrangement Mrs. F. V. Richard 
will supervise arrangements for the ladies’ activities 

Envelopes containing program, pre-registration 
form, application for housing, and return envelopes 
will be mailed in August to about 8000 members in 
11 Western States, Minnesota and South Dakota 
Mail requests for hotel reservations to: Utah Sec- 
tion, AIME, 815 Kearns Bldg., Salt Lake City 

See page 1114 for list of technical sessions, 
and social events. 


October 8-10, 1956 


Symposiums on nuclear metal- on irradiation 


lurgy and titanium have been metallurgical 


planned for the AIME, IMD Annual uled is a paper 
Fall Meeting in Cleveland, Oct. 8-10 ton, of Oak Ridge 
The meeting, in conjunction with the tory, on irradiation 


National Metal Congress and Exposi actor material 


tion, will take place at Hotel Carter The morning 


The symposium on Effects of Radi- titanium will 
ation in Metals, Oct. 8, will feature Sponge and 


a paper by George Vineyard Brook- nomu and Fabrication Economic 
with panel discu 


haven National Laboratory, on the 
theory and mechanics of radiation 
effects. Donald Thomas of Westing- 


afternoon s¢ 


house Atomic Power Div., will speak ical Dew elopment 


up the ubject 
Production Eco- and summariw devoted to physical 


pane discu ion 


on physical Problems Associated with the Con- 
Also sched- trol of Interstitials. Emphasis in the 


Douglas Billing titanium symposium will be on ap 
National Labora plied research 
effect in re 


An additional symposium on Mag- 
netism is being held under the aus- 


ion Oct. 9 on pices of the Metal Physics Committee 


A full program of research seminar 


metallurgy is on the agenda for three 
to follow. The day After a luncheon of the AIME 
be devoted to Powder Metallurgy Committee on 


on State of Analyt- Oct. 10, a panel discussion will be 


on Practical held 
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Rocky Mountain Minerals Conference Program—Data as of July 1956 


WEDNESDAY, SEPTEMBER 26 


Technical Session 9:00 am 


. Pressure Leaching and Reduction at Calera’s 
Garfield Refinery 
by J. Stanley Mitchell, plant superintendent, 
Calera Mining Co 
. Coal Mining by Mechanical Methods 
by John Paparakis, manager, Sunnyside Div., 
Kaiser Steel Corp 
3. Oil and Gas Possibilities of the Great Basin Area 
by Dorsey Hager, consulting geologist 
. Management Measures An Engineer 
by Charles Hilton, B. J. DiSanto, J. F. Dugan, 
I. K. Hearn, R. S. Stone, and Clark L. Wilson 


Ladies’ Coffee Party at Newhouse Hotel 9:00 am 


Welcoming Luncheon 12:30 pm 
Speaker: Hon. J. Bracken Lee, Governor of Utah 
Technical Session 2:30 pm 

1. Iron Mining in Southwest Utah 
by Robert F. Loer, superintendent, Desert 
Mound Mine, Columbia Iron Mining Co. 

2. Transmission of Natural Gas in the Rocky Moun- 

tain Area 

by Fulton Copp, assistant to the vice presi- 
dent, Pacific Northwest Pipeline Corp 

3. The Production of Elemental Phosphorus 
by V. N. Antaki, staff engineer, Westvaco 
Mineral Products Div., Food Machinery & 
Chemical Corp 

4. The Valley County, Idaho, Monazite Deposits 
by George A. McHugh, manager of mines 
J. R. Simplot Co 


Mining Companies and Suppliers Cocktail Party 6:30 pm 


THURSDAY, SEPTEMBER 27 


Technical Session 9 am 
1. Geology of the Uranium Deposits of the Ambrosia 
Lake District, McKinley County, New Mexico 
by R. G. Young, geologist, A.E.C 
2. Mining and Geology at the Idaho Almend Mer- 
cury Mine, Near Weiser, Idaho 
by J. R. Reynolds, chief engineer, Rare Metals 
Corp. of America 
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3. Production of Titanium Metal at Henderson, Nev. 
by R. R. Lloyd, process superintendent, Tita- 
nium Metals Corp. of America 

4. The Manufacture of Sulfuric Acid From Metal- 

lurgical Gases at the Garfield Smelter 
by A. S. Neslen, Garfield Chem. & Mfg. Co. 


Minerals Luncheon 12:30 pm 
Speaker: John C. Kinnear, Jr., chairman, EMD 


Ladies’ Luncheon-Fashion Show, Salt Lake Country Club, 12:30 pm 


Technical Session 2:30 pm 


1. Award Paper—University of Utah Student. Win- 
ner to be announced later. 

2. Innovations in Processing Uranium Ores 
by W. L. Lennemann, metallurgical adviser, 
Processing Div., A.E.C.; J. B. Rosenbaum, 
metallurgist, and J. Bruce Clemmer, chief, 
Metallurgical Div., Region IV, USBM. 

3. Sand Filling at the Galena Mine 
by Norman Visnes, Supt., Galena Unit, Amer- 
ican Smelting & Refining Co. 

. New Methods-Mining Gilsonite Without Blasting 
by J. H. Baker, assistant production manager, 
American Gilsonite Co. 


FRIDAY, SEPTEMBER 28 


Miner's Breakfast 7:30 am 


Technical Session 9 am 


Symposium—Loading and Transportation 

Moderator—J. M. Ehrhorn, director, Industrial 
Development, U.S. Smelting & Refining Co. 

R. I. Williams, maintenance foreman, Ray 
Mines Div., Kennecott Copper Corp 

W. H. Wamsley, Supt., Pacific Coast Borax Co. 

Tom Berry, Supt., Dravo Construction Co 

A. R. Sims, general superintendent of mines, 
Anaconda Co 

Robert F. Love, Supt., Intermountain Chem. 
Corp 

Lawrence W. Casteel, Supt., 
Mine, St. Joseph Lead Co 

Dale I. Hayes, assistant to the president, Amer- 
ican Lead Zinc & Smelting Co 


Indian Creek 


Friday Afternnoon—Field Trips 


Salt Lake City 
— 
| 


Research 
Opportunities 
at NBS Described 


The AIME Technical Ad- 
visory Committee to the Na- 
tional Bureau of Standards re- 
ports that an expansion of 
activities in the Bureau's Met- 
allurgy Div. is creating inter- 
esting opportunities for metal- 
lurgists and physicists at the 
Ph.D. and B.A. levels. An im- 
portant function of the com- 
mittee, which currently con- 
sists of Walter A. Dean, Alum- 
inum Co. of America; Earle 
Schumacher, Bell Telephone 
Labs.; Maxwell Gensamer, Co- 
lumbia University; Clarence 
Sims, Battelle Memorial Insti- 
tute; Earle Smith, Republic 
Steel; and Mars Fontana, Ohio 
State University, is to advise 
on programming of research at 
NBS. The Bureau's enlarging 
program includes challenging 
opportunities for fundamental 
research. During a recent meet- 
ing in Washington, D. C., A. V 
Astin, director of the Bureau, 
and J. Il. Hoffman, recently ap- 
pointed chief of the Metal- 
lurgy Div., discussed plans for 
the expanded metallurgy pro- 
gram with the AIME Advisory 
Committee, which will afford 
candidates a wide choice of 
problems in physical, chemical, 
and mechanical metallurgy; 
diffusion in the solid state; and 
theory of corrosion. Further- 
more, members of the division 


can take advantage of the 


many opportunities for train- 


ing leading to undergraduate 


and advanced degrees in near- 


by educational institutions. The 


liaison between the diverse 
divisions of the Bureau, pro- 


vides a close relationship be- 


tween metallurgical activities 
in the work of other groups in 
chemistry, electricity, thermo- 
dynamics, ceramics, solid state 
and radiation physics. These 
varied contacts afford young 
scientists excellent opportuni- 
ties to broaden their knowl- 
edge and experience in the 
whole field of the physical 
sciences. 


E. E. Schumacher, C. E. Sims, 
M. Gensamer, E. C. Smith, M 
G. Fontana, W. A. Dean, AIME 
Advisory Committee to Metal- 
lurgy Division of National 
Bureau of Standards 


“quality converters” 
specification controlled secondary alloys. 


guaranteed analysis 
charging without further 


preparation. 


Write, phone or wire for detailed information today. 


FRANKEL COMPANY, INC. 


DETROIT, MICHIGAN, USA 
6-3510 


19300 FILER AVENUE 


FRANKEL DEPENDABILITY 
SAVES MONEY FOR YOU! 


INCONEL * COBALT 
NICKEL CHROME ALLOYS * TITANIUM 


STAINLESS STEEL * JET ALLOYS 


Because Frankel is specifically equipped for the 
dependability is more than a word at 
Frankel Company, it is a way of life. It is a system 
that can provide you with secondary alloys, equal 
in every way to ingots but considerably lower in 


Let Frankel Company, a name synonymous with 
help your profit picture with 


You are assured of a scientifically graded product 


uniform packaging 


AUGUST 1956, JOURNAL OF METALS—1115 


4 
a 
ate 
: 
4 
4 
a 
| FOrest 
4 


Committee Recommends New York 


For Engineering Center Site 


On June 22, directors of the gov- 

boards of AIME, ASME, 
AITEE, AIChE, and ASCE, were 
mailed the report of the Special 
Task Committee of 15, appointed to 
make recommendations with regard 
to the site of the Engineering Socie- 
ties Center. The recommendations 
are as follows 


erning 


Key Points 


The Engineering So 
be located in 


Item 1 
cieties Center 


fa 


Item 39th-40th St 
site be continued in use as the 
site of the Engineering Socie- 
ties Center 

If rebuilding in that area 
proves impracticable, a com- 
parable site should then be 
sought in midtown N. Y. 

We suggest that the Govern- 
ing Boards also adopt these 
further recommendations for 
inaugurating action 


Item 3--The United Engi- 
neering Trustees, Inc., be au- 
thorized to take proper legal 
action for expansion by the ad- 
dition of the American Insti- 
tute of Chemical Engineers to 
the incorporators when pro- 
perly qualified 


Item 4—The United Engi 
neering Trustees, Inc., be au- 
thorized to raise money and 
accept contributions; accept 
the offer of the Kelly Commit- 
tee; place contributions in UET 
Capital Fund Assets; employ 
architects, engineers, and at- 
torneys; let contracts for re- 
construction of the present En- 
gineering Societies building 
and/or a new building or 
buildings; pay all costs out of 
the Capital Fund Assets; and 
operate and maintain the new 
Engineering Societies Center. 


Item 5—The plans for the 
new and enlarged Engineering 
Societies Center be made with 
ample optimism with respect 
to the future growth of the five 
societies immediately involved 
These facilities should be such 
as to attract and hold all of 
the Engineering Profession, 
thus fostering unity and coop- 
eration along broad lines 


The vote of the Special Task Com- 
mittee, the members of each of the 
five Societies voting as a unit as pre 
scribed, is unanimously in favor of 
these recommendations.” 

The Special Task Committee was 
composed of the following: E. G 
Bailey, T. H. Chilton, Harold Decker, 
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B. F. Dodge, E. S. Fields, J. E. 
Housley, R. P. Kite, M. G. Lockwood, 
F. A. Marston, J. W. Parker, L. M 
Robertson, H. DeWitt Smith, J. M. 
Todd, R. B. Wiley, C. E. Williams 

United Engineering Trustees, Inc., 
is a corporation formed by the four 
engineering societies first named to 
be the titular owner of the present 
Engineering Societies Building at 29- 
33 W. 39th St., in N. Y. 

Anticipating the report, the AIME 
Board, at a meeting on June 21, 
voted that all Directors be given an 
opportunity to vote by letter ballot 
on the recommendations of the com- 
mittee. The ASCE, by a majority 
vote, was the first to accept the 
recommendations. AIME Directors, 
also by a majority vote, did likewise 
in July. The ASME vote was to be 
registered by the end of July, the 
AIEE on August 17, and the AIChE 
on Sept. 9. If all five societies accept, 
it will still remain to be decided 
whether the present building will be 
remodeled or another midtown site 
Although United Engineer- 
ing Trustees is authorized to “raise 
money and accept contributions,” 
presumably the offer of the Kelly 
Committee, to raise the necessary 
funds for a new Engineering Center, 
will be accepted. (See JOURNAL OF 
Meta.s, August 1955.) 


cured 


EJC Nuclear Congress 
Set For March 1957 


The Second EJC Nuclear Engi- 
neering and Science Congress and 
accompanying Atomic Exposition 
will be held March 11-15, 1957 in 
Philadelphia. Coordinated by Engi- 
neers Joint Council, the technical 
sessions, over-all Congress meetings, 
and the Exposition, will be held in 
Convention Hall 

Nineteen major engineering and 
scientific societies will participate. 
The Congress expects to top their 
1955 attendance record when nearly 
3000 engineers and scientists from 
industry, business, education and 
government attended. The Atomic 
Exposition, which will display the 
latest developments in the applica- 
tion of nuclear energy is expected to 
draw a greater audience than the 
13,000 who saw the Cleveland exhib- 
its. There will be more exhibitors 
than in 1955 too 

Walter G. Whitman, who was 
chairman of the United States dele- 
gation to the 1955 Geneva Confer- 
ence on Atomic Energy and is head 
of chemical engineering at MIT, has 
been named chairman of the general 
committee for the Congress. Chair- 
man of the program committee Is 
Bruce R. Prentice, General Electric 
Co. The Atomic Exposition sponsored 
by AICE will be under the manage- 
ment of Denham & Co., Detroit 


AROUND THE SECTIONS 


© The Oregon Section met on June 
15 at Burns Restaurant, Portland 
William W. Wiltschko presided, 
with 37 attending. The principal 
speaker was Donald H. Tilson, assis- 
tant manager, northwest operations, 
Aluminum Co. of America, Van- 
couver, Wash. Mr. Tilson’s subject 
was Comparative Processing of 
Aluminum Oxide and Aluminum in 
the United States and Yugoslavia 
The program chairmen for the 
Pacific Northwest Regional Confer- 
ence to be held in Portland Apr 
11, 12, and 13, 1957, were announced 
They are as follows: Hollis Dole and 
Fay Libbey, Geology; Ralph Mason, 
Industrial Minerals; Earl Hayes, 
Metals; P. R. Hines, Beneficiation. A 
tour of Electric Steel Foundry Co., 
Portland, is planned for the Section’s 
September meeting 


® Two busloads of members and 
guests of the Adirondack Section 
toured the St. Lawrence Power 
Project and Seaway on May 26 
Members were surprised at the 
progress made since last year and 


are looking forward to another visit 
next year. Arrangements for the 
tour were made by A. L. Hall of 
Cabot Carbon Co. After the tour the 
group met at the Village Inn near 
Massena for cocktails and dinner 
The speaker, William Thompson, ge- 
ologist for Uhl, Hall & Rich, de- 
scribed the many geological prob- 
lems involved in the Project 


e When the Metals Branch of the 
Southern California Section met on 
May 10, at Swally’s Key Club in 
Los Angeles, the featured speaker 
was William Schockley, director of 
Schockley Semi-Conductor Labora- 
tories. Dr. Schockley spoke on Trans- 
istor Physics 


The 1956 National Directory of 
Safety Films is now available. It 
describes more than 1200 films, and 
includes information on millimeter, 
running time, and year produced. 
A copy of the directory can be pur- 
chased for $1.00 from the National 
Safety Council, 425 N. Michigan 
Ave., Chicago, 11. 


PERSONALS 


Donald B. Gillies has retired as min- 
ing consultant for Republic Steel 
Corp. after 50 years of service. Prior 
to his 75th birthday in 1947, Mr. Gil- 
lies was vice president at Republic 
A native of Ontario, Canada, he re- 
ceived his B.S. and E.M. degrees 
from Michigan College of Mining 
and Technology at Houghton. Mr 
Gillies managed the Mexican mining 
properties of Corrigan, McKinney & 
Co. which later became Republic 
Steel. His contributions to the com- 
pany include developing the iron ore 
in the Northern Adirondacks and 
Liberia; he also was instrumental in 
exploring a titanium-bearing ore in 
southern Mexico A past-president of 
AIME, and Lake Superior Iron Ore 
Assn., Mr. Gillies is a member of the 
Mining and Metallurgical Society of 
America. He has honored by 
his alma mater with a Doctorate in 
Engineering, and by Montana School 
of Mines with a D.S. degree 


been 


Edgar C. Bain ha 
a tant executive 
operations, U. S. Steel 
joined the company re taff 
in 1928 and was named vice presi 
dent-research in 1943. J. B. Austin 
has been promoted to vice president 
fundamental research, and M. W. 
Lightner, to president-applied 
research 


been promoted to 

vice president 
Corp. He 
earch 


vice 


J. E. Reynolds has joined Motorola 
Inc., Phoenix, Ariz. Dr. Reynolds, 
who was formerly associated with 
Jattelle Memorial Institute, will 
work in the Transistor Products Div 
at Motorola 


Henry H. Hausner, general manager, 
Nuclear Engineering Div., Penn 
Texas Corp, lectured in Zurich, 
Switzerland, on July 6, 1956. He ad 
dressed the Swiss Assn. for Material 
Testing on Effects of Irradiation on 
Solid Material Dr. Hausner 
lyzed the effects of types of 
radiations on the physical properties 
of metals and well as on 
the behavior of ceramics and plastics 


Various 


alloy 


George E. Dieter, Jr., formerly Lt., 
Ordnance Corp., U. S. Army, Balli 

tic Research Laboratory, Aberdeen, 
Md., is now re engineer for 
E. I. DuPont de Wil 
mington, Del 


h 


Nemou! in 


R. Allen Crosby is now associated 
with Sciaky Bro Ine in L. A 
where he is a project engineer. Prior 
to accepting thi Mr. Crosby 
was with Aerojet General Corp., in 
Calif 


po t 


Azusa 


P. Kennedy ha 
manager of the Avco Re- 
earch Laboratory, Everett, Mass., a 
unit of Avco Mfg. Corp Research 
and Advanced Development Div 


James been pro 


moted to 


Ford W. Knight is metallurgist, raw 
materials technology section, E. I. 
du Pont de Nemours & Co. Inc., Sa 
vannah River Plant, AEC, Aiken, 
S. C. Mr. Knight was with The 
Anaconda Co., Anaconda, Mont 


Russell C. Buehl is now senior devel 
opment engineer, Rem-Cru Titanium 
Inc., Midland, Pa 


Ben T. Collins has been promoted to 
director, research and product devel 
opment, Wabash Div., Raybestos 
Manhattan, Inc., Crawfordsville, Ind 
Mr. Collins, who is a graduate of the 
University of Louisville, has a Ph.D 
in chemistry from Purdue and an 
Sc.D in metallurgy from MIT 


Now even the smallest shop can afford a 
dependable and versatile Brinell Hard 
ness Tester. Priced exceptionally low, 
Model! L is a motorized hydraulic machine 
with which even an inexperienced opera 
tor can make tests in strict conformance 
to A.S.T.M. Standards 

Engineered by Steel City, leader in the 


1914, the new tester is de- 
maintenance-free 


field since 
signed for years of 
operation. The %" stroke permits succes- 
sive tests without anvil readjustment. Load 
is applied by finger-tip pressure on 
operating handle 


Write for full particulars today and name 
of neorest sales representative —conven- 
iently located in your area 


Manufacturers of machines for testing physical properties of metals, including: 


Brinell Hardness 


8625 Lyndon Ave. Detroit 38, Mich. 


Oscar Pearson has been appointed 
general manager of operations, U.S 
Steel Corp. Mr. Pearson joined U.S 
Steel in 1928 as a chemist for the 
Tennessee Coal & Div. Since 
1954 he has been general superin 
tendent of South Works, Chicago. E. 
B. Speer is now general superintend- 
ent of U. S. Steel's Fairless Works 
Mr. Speer started with U. S. Steel in 
1938 as a metallurgical observer at 
Youngstown District Works. He was 
made assistant general superintend 
ent of Fairless Works in 1955 


James W. Atkins, Jr. is now associ 
ated with the Cochran Foil Co., 
Louisville, Ky. where he will work 
as an enginect 


MODEL t 

Vert opening—9" 
Throat depth —6 

Bench spoce—9 « 25° 


— 


Hydrostatic Pronng Instruments 
. ond Special Testing Machines 
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Albert E. White, consulting metal- 
lurgical engineer, was elected to 
honorary membership in the ASTM 
on June 19, at the Society's Annual 
Meeting in Atlantic City, N. J. Simi 
larly honored was James Tucker 
MacKenzie, retired technical direc- 
tor, American Cast Iron Pipe Co., 
Birmingham, who is now associated 
with Southern Research Institute 
Dr. White, retired director, Engi- 
neering Research Institute, and Pro- 
fessor of Metallurgical Engineering, 
University of Michigan, is the author 
of more than 100 papers, many on his 
specialty——metallurgy of metals for 
high-temperature service. A native 
of Plainville, Mass., he graduated 
from Brown University and was 
awarded the honorary degree of 
Doctor of Science in 1925. Prior to 
joining the University of Michigan 
faculty, Dr. White was in charge of 
research on blast-furnace products 
for Jones & Laughlin. A member of 
ASTM since 1914, he served as vice 
president and president. He is also a 
member of ACS, ASM, and ASME 


J.T. MACKENZIE 


Dr. MacKenzie was born in Brooks 
ville, Fla., and obtained his B.S. de 
gree from the University of the 
South in Tenn., which awarded him 
an honorary doctorate. He was on 
the research and technical staff of 
American Cast Iron for 44 years, and 
is widely recognized as an authority 
on centrifugal casting of metals. Dr 
MacKenzie who has been an ASTM 
director twice, is also a member of 
the Electrochemical Society, British 
Iron & Steel Institute, American 
Ceramic Society, SAE, and ACS 


Others honored with Awards of 
Merit by the ASTM include: W. La- 
Villa Fink, chief, physical metallurgy 
division, aluminum research labora 
tories of ALCOA, New Kensington, 
Pa., for his work in the field of 


metallography and contributions in 
the area of X-ray diffraction; Bruce 
W. Gonser, assistant director, Bat 
telle Memorial Institute, Columbus, 
Ohio, in recognition of his leadership 
in research on 


nonferrous metals 
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and alloys; Fred Hubbard, consulting 
engineer, The Standard Slag Co., 
Youngstown, for distinguished ser- 
vice to the Society, especially with 
the committee on road and paving 
materials; Roland P. Koehring, re- 
search and development engineer, 
Moraine Products Div., General 
Motors Corp., Dayton, Ohio, for his 
leadership and support of the com- 
mittee on metal powders; and Vin- 
cent T. Malcolm, consultant and ad- 
visory engineer, The Chapman Valve 
Mfg. Co., Indian Orchard, Mass., in 
recognition of his support of research 
in the fields of ferrous and nonfer- 
rous metals 


Robert F. Mehl, director, metals re- 
search laboratory, and head of metal- 
lurgical engineering at Carnegie In- 
stitute of Technology, has been 
awarded the Grand Medal of Le 
Chatelier by the French Society of 
Metallurgy Council. The gold medal 
award will be made at the society's 
annual symposium on metallurgy, 
October 22-27, in Paris. Dr. Mehl 
will open the lecture series with a 
report on metallurgical research at 
Carnegie Tech. The 1953 recipient of 
the ASM gold medal, Howe Medal, 
and Sauveur Achievement Award, he 
also holds AIME’s James Douglas 
Medal. A graduate of Franklin and 
Marshall College, Lancaster, Pa., Dr 
Meh! has a Ph.D from Princeton 
University 


E. E. SCHUMACHER 


E. E. Schumacher, metallurgical di- 
rector, Bell Telephone Laboratories, 
Murray Hill, N. J., was the com- 
mencement speaker at the South 
Dakota School of Mines and Tech- 
nology in Rapid City on May 28. At 
that time the school awarded him an 
honorary Doctor of Engineering de- 
gree. A graduate of the University of 
Michigan, he is the author of 
numerous papers on metallurgical 
subjects. Past chairman, IMD of 
AIME, he is also a member of the 
British Institute of Metals. During 
World War II, he served on various 
boards of the National Defense Re- 
search Committee, as a member of 
the metallurgy panel 


W. H. KINNEY 


William H. Kinney has been pro- 
moted to assistant to the vice presi- 
dent—operations, at Kaiser Steel 
Corp. with offices in Oakland, Calif. 
Previously he was resident metallur- 
gical engineer for the company, Mr. 
Kinney joined Kaiser Steel in 1948. 
A graduate of the University of Ari- 
zona, he is a member of AIME and 
ASM. 


Per Hansson is now technical secre- 
tary A/S Norsk Jernverk, Norway. 


Rudolph A. Schatzel was elected 
president of ASTM for the year 1956- 
1957. Inaugural ceremonies took 
place in Atlantic City at the Annual 
Meeting. Mr. Schatzel, who was born 
in Kingston, N. Y., received his B.S 
and M.S. degrees from Union College 
which awarded him an honorary 
doctorate in 1956. He has been a re- 
search chemist for General Electric 
Co., and taught at MIT. Mr. Schat- 
zel’s association with the wire indus- 
try dates back to 1924. He dis- 
tinguished himself in research and 
development work on electrical cable 
insulations particularly rubber and 
plastics. He has held his present post 
of vice president and director of en- 
gineering, Rome Cable Corp., Rome, 
N. Y. since 1945. Mr. Schatzel is a 
member of AIME, ACS, AIEE, ASM, 
British Institute of Metals, and is 
president, board of trustees, Central 
New York School for the Deaf. 


Barry Hyatt has been appointed re- 
search assistant in mining and met- 
als at the University of Illinois. 


Charles F. Taylor, Jr., has joined 
National Research Corp. as person- 
nel manager. In addition to his 
duties in the company’s Cambridge 
and Newton plants, Mr. Taylor will 
recruit personnel for NRC subsid- 
iaries. E. Gordon, formerly supervis- 
ing metallurgist, Combustion Engi- 
neering Inc., has joined Olin Mathie- 
son Chemical Corp., New Haven. 
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D. L. WELLER 


Daniel L. Weller has joined Electro 
Metallurgical Co., a division of Union 
Carbide & Carbon Corp., as technical 
sales and service representative for 
the Pittsburgh District Office. A 
graduate of Carnegie Institute of 
Technology, Mr. Weller was formerly 
product metallurgist, Crucible Steel, 
Syracuse, N. Y. 


Henry J. Tschirner, metallurgical 
engineer, is now consultant to Sing- 
master & Breyer Inc., N. Y. C. 


R. G. SWIFT 


Robert G. Swift is returning to Chile 
after an absence of 10 years, to work 
as assistant to the smelter superin- 
tendent, Chile Exploration Co. at 
Chuquicamata, Chile. Formerly he 
was with Andes Copper at Potreril- 
los, Chile. He left there in 1946 and 
since then has worked for American 
Metal Co., Carteret, N. J., General 
Electric Co. at Richland, Wash. 
Prior to accepting his present post, 
he worked for Phelps Dodge, Mor- 
enci, Ariz 


ONR Symposium on 
Molybdenum 


The Office of Naval Research is 
symposium the 
Technology of Molybdenum and 
Molybdenum-Base Alloys, Sept. 18- 
19, 1956, at the Rackham Memorial 
Building, Engineering Society, De- 
troit. The aim is to present an up-to- 
date picture of the status of molyb- 
denum and its alloys as structural 


sponsoring a 


materials. 

Some 15 papers will be presented 
which treat various aspects of 
molybdenum—metallurgy, structural 
material, and molybdenum alloys in 
gas turbine applications 

The Climax Molybdenum Co. of 
Michigan will hold “Open House” at 
its Detroit laboratory on Sept. 20, 
for those interested in arc-melting 
and working of molybdenum alloys 

Space is limited and attendance 
will be by invitation only. Requests 
should be addressed to J. J. Har- 
wood, Head, Metallurgy Branch, 
Office of Naval Research, Dept. of 


the Navy, Washington 25, D. ¢ 


OBITUARIES 


William B. Plank (Member 1919) 
died on June 19, 1956, of a heart 
attack, in his home in Morgantown, 
Pa., where he was born 70 years ago 
He received his B.S. and M.S. degree 
at the University of Pennsylvania, 
and in 1920 joined the faculty of 
Lafayette University, Easton, Pa., 
where he remained for 32 years 
Prof. Plank founded the Dept. of 
Mining and Metallurgical Engineer 
ing, becoming the first to head it, 
and also helped establish the Faculty 
Club. In addition to his work in the 
academic field, Professor Plank was 
consulting engineer to several na 
tional firms, and to the U. S. Coal 
Commission and the Emergency Fuel 
Commission. He also was a mining 
engineer for the USBM. During 
World War II he was coordinator of 
an Army Ordnance Research Project 
and was honored by the Army Dept 
in 1951 for his work as London rep 
resentative for the Technical Indus 
trial Intelligence Committee of the 
U.S. Joint Chiefs of Staff. Since his 
retirement as Professor Emeritus he 
had been lecturing and wrote sev 
eral books, in addition to articles, 
some of which have appeared in 
JOURNAL OF MeTALS and MINING EN- 
GINEERING Past-chairman of the 
AIME Lehigh Valley Section, he was 


Sept. 15, 1956 is the deadline for Institute of Metals Div. papers (4 copies) for the 
1957 New Orleans Annual Meeting and the deadline for all Iron & Steel Div. and 
Extractive Metallurgy Div. papers (3 copies) that are to be considered for preprinting 
Papers received by this deadline but requiring revision may not be processed in time 
to permit scheduling for this meeting 


also a member of the Coal Mining 
Institute, Engineers Club, and presi- 
dent and founder of the Morgan- 
town Rotary Club 


Frank F. McLaughlin (Member 1938) 
died March 26, 1956 at his home in 
San Diego, Calif. He was born in 
St. Louis on September 23, 1890, and 
attended Transylvania University in 
Lexington, Ky. Mr. McLaughlin did 
consulting work in connection with 
drilling and blasting limestone quar- 
ries. A production engineer, he was 
general superintendent, General 
Crushed Stone Co., Easton, Pa., and 
also worked for the France Stone 
Co., Toledo. He later worked as min- 
ing engineer in Panama and the 
Canal Zone. Mr. McLaughlin served 
as pastor of the Methodist Episcopal 
Church from 1915-1918 


NECROLOGY 

Date Date of 
Blected Name Death 
1941 Ned W. Andrix Jan 8, 1956 
1955 Norman Keith Glass Apr 4, 1956 
1998 =F. F. MeLaughiin Mar. 26, 1056 
1919 William B Plank June 19, 1056 
1943 Ronald C Howe Mar. 27, 1056 
1946 Marsh S. Watson, Jr May 27, 1956 


MEMBERSHIP 


J 


Proposed for Membership 
Metals Branch, AIME 


Total AIME membership on July 31, 1056 
‘ 75.255. in addition 2,795 Student Associ 


ites were enrolled 


ADMISSIONS COMMITTEE 
RB. Caples, Chairman; F. A. Ayer, Vice 
Chatrman A Cc. Brinker K Dickson, 
R. Dodson, R. B. Fulton, T. D. Jones, F 
W. Sidney Rolle, F. T. Sisco, O. 
Fraser, F. W. MeQuiston, Jr., A. R. Lytle, I 
Warriner 
The Inatitute desires to extend tts print 
to every person to whom tt can be of 
serivce, but does not desire as members per 
sons who are unqualified, Inatitute members 
‘ review this list as soon as pos 
sible and immediately to inform the Secre 
tary’s office tf names of people are found 
who are known to be unqualified for AIME 


memberahiy 
Members 

Maurice D. Ayers, New York 

J ome Canales, La Oroya, Peru 


Horace N. Hall, Philadelphia 
Raymond O. Lehr, Westport, Conn 
Associates 
Richard KR. Boston, Detroit 
Joseph E. Brosseau, Jr, Santa Fe, N. M 
Hobert S Haught, Glendale, Ohio 
August Merz, Jr, Silver City, N 
Frank H. Mulligan, New York 
Jonn Yoxall, Dearborn 
Juniors 
Kenneth H. Brownell, Greenwich, Conn 
Paul Des Montreal 
Bernard F Fullan, La Oroya, Peru 
Stuart F. Joynt, Buffalo 
Alfonso P. Zuzunaga, La Oroya, Peru 
CHANGE OF STATUS 
Associate to Member 
John BE. Hood, Ancaster, Ont 
Student to Member 
Thomas M. Kaneko 
REINSTATEMENT 
Associate 
James E. Easier, El Paso, Texas 
REINSTATEMENT HANGE OF BTATUS 
Junior te Member 
Charlies W. Alesch, La Mesa, Calif 
Stedent to Member 


Canada 


Tonawanda, N.Y 


John H. Culling, Webster Groves, Mo 
Thomas P. Liss, Salt Lake City 
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COMING EVENTS 


Sept. 10-14, New York University, second 
lecture program designed 


College of Engi 


Sept. 10-14, International Cenference on Fa 
tigue of Metals, London, England 


Sept. 10-14, International Union of Pure and 
Applied Physies, colloquium on electron 
transport iv metal and olids, Ottawa 


Ont Canada 


Sept tt, AIMEE, NOHC Chieage Local See- 
tien, annual golf party, Midlothian Country 
Club, Chicago 


Sept. 16-22, ASTM, Pacific Coast meeting 
Statier Hotel, Los Angeles 


Sept 10, Amer Welding See., Kosten Section 
sii-day New England regional conference 
on welding, New England Mutual Hall 
Boston 


Sept. 16-28, AIME, Rocky Mountain Minerals 
Conference, Newhouse Hotel, Salt Lake 
City 


Sept. 27-28, AIMEE, NOHC Seuthwestern Le- 
eal Section, annual fall get together and 
plant trip. Sept. 27, trip to Colorado Fuel 
& tron Co Pueblo, Colo. Sept. 28, tech 
nical sessions, Broadmoor Hotel, Colorado 
Springs, Colo 


Oct. 5, AIMEE, Seuthern Obie Leecal 
Section, annual conference, Deshier-Hilton 
Hotel, Columbus, Ohio 


Oct. 4-10, AIMEE, IMD Fall Meeting, Hote! 
Carter, Cleveland 


Oct. 6-12, ASM, national metal congress and 
exposition, Cleveland Public Auditorium, 
Cleveland 


Oet. AIMEE, NOHC Eastern Leeal Section, 
mnual fall meeting 


Oet. 14-17, AIMEE, Petroleum Hranch, Hilt 
more Hotel, Los Angeles 


et, 16-18 ATER, AIME and Amer. Physical 
See conference on magnetiem and mag 
netic materials, Hotel Statier, Bostor 


Oet ASA, annual meeting, Hotel 
Roosevelt, New York 


Oet. 5, TH, AIME-ASME,. Joint Solid 
Cenference, Sheraton-Park Hotel, Washing 
ton, D 


Oct. Th-Neov. 1, Electrochemical See., Statler 
Hotel, Cleveland 


Nev. AIMP Pittsburgh Lecal Section, 
NOHC Pittebergh Leeal Section, annual 
off -the-record meeting, William Penn Hotel, 
Pitteaburgh 


Nev. #-10, AIME, Mining Branch, Nertheast 
Regional Meeting, Hotel Hershey, Hershey, 
Pa 


Nev. 15, AIMEE, NOHC HKeffale Leeal Section, 


annual meeting 


Dee 5-7, AIME, Electric Purnace Steel Con 
ference, Hotel Morrison, Chicage 


Dee. 0-12, AICHE, annual meeting, Statler 
Hotel, Boston 


Feb. 4-28, 1057, AIME Annual Meeting, 
Roosevelt and Jung Hotels, New Orleans 


Mar. 10-16, 1957, Second Engi 
neering and Selence Congress, Convention 
Hall, Philadelphia 


Mar. 5-20, 1057, ASM And Others, Tenth 
Western Metal Exposition and Congress 
Pan-Pacific Auditorium and Ambassador 
Lose Angeles 


Apr. 8-10, 1057, AIME National Open Hearth 
Stee! and Biast Purnace, Coke Oven, and 
Raw Materials Conferences, William Penn 
Hotel, Pittsburgh 


Apr. tt-18, 1057, AIME, Paecifie Northwest 
Regional Conference, Portiand, Ore 
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100% Mechanical Operation 


The Heroult is the only 100°, mechanically operated 
electric furnace on the market! All of the movements are 
handled by motor-driven gear mechanism 

This is a very important advantage—as any engineer 
will readily tell you, for it eliminates so many mainte 
nance difficulties 

There is nothing about the operation and servicing of 
the motor-driven, heavy-gear mechanism of the rugged 
Heroult that any good maintenance man can’t easily 
take care of himself. Seldom, if ever, will you find it 
necessary to call in an outside maintenance man to keep 
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your Heroult performing efficiently 

Modern Heroult electric furnaces are available in sizes 
ranging in holding capacity from 6,000 Ibs. up to and 
in excess of 400,000 Ibs. Both gantry and swing-type 
roof-moving mechanisms are available. Door-charging 
furnaces and furnaces of special design, including units 
equipped with austenitic steel bottoms to permit induc 
tion stirring, can also be supplied 

We welcome an opportunity to help you select and 
install the Heroult best suited to your requirements. An 
inquiry to the nearest office will bring complete details. 


AMERICAN BRIDGE DIVISION 


UNITED STATES STEEL CORPORATION, GENERAL OFFICES. 575 WILLIAM PLACE, PITTSBURGH, PA 


Contracting Offices in New York, Philadelphia, Chicago, San Francisco, ond other principal cities 


United States Stee! Laport Company, New York 


SEE THE UNITED STATES STEEL HOUR It's a full hour TY program presented every 


other week by United States Steel. Consult your local newspaper for time and station 
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ANEW METALLURGICAL TOOL FOR THE 
PRODUCTION OF HIGH QUALITY CAST IRON 


We offer to the American industry the AJAX- 
JUNKER 60 cycle induction furnace for the melt- 


ing and superheating of cast iron, and particularly 
for the production of ductile cast iron. The AJAX- 
JUNKER furnace is economical in foundries with 
intermittent operation and frequent alloy changes. 


It melts loose turnings with high recovery, and can 


easily operate at the high temperatures required 
for desulphurizing. Controlled stirring of the mol- 
ten metal speeds up recarburizing rate and solution 


of alloy ingredients. 


The photograph shows a Junker coreless induc- 
tion furnace for melting and superheating cast iron 


in a German foundry. 


For further information write to 


AJAX ENGINEERING CORP., TRENTON 7, N. J. 


MELTING FURNACE 


AJAX ELECTRO METALLURGICAL CORP... and Associated Compames 
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